

First in Constant Speed Drives... 


Sundstrand Constant Speed Drives 
bring new electricai concept 


to Nortbrop’s “SnarK” 


New Electrical Horizons... 


Providing for the many varied electrical loads aboard Norchrop’s 
SM-62 "Snark" Missile required the newest concept in aircraft elec- 
tricai systems. The "Snark” is another example of how the latest 
developments in electrical systems . . . fostered by Sundstrand’s 
Constant Speed Drive - . . meet the challenge of today’s . . . and 
tomorrow’s . . . fest, high-flying jet aircraft. 




through co-operotion between 
engine and oirfrome manufacturers 
and Sundstrond. With this new 
concept In electrical systems, 
expect remorkoble odvances in 
operotion ond performonce of 


SUNDSTRAND AVIATION 

Oivtiion of Sundsltsnd Machine Tool Company. ROCKFORO, ILLINOIS WaVarn DTilricI OfFIca: Hawtharna. Colilornia 

CONSTANT SP*EED ORIVES • AIRCRAFT ACCESSORIES 







For aircraft seats, interior equipment and airframe subassemblies 

INVITE WEBER TO COMPLETE ANY ASSIGNMENT... 

from design . . . through prototype testing. . . to production article. 



Weber Aircraft offers you. ..Complete research, design and development engineering departments, 
staffed by experienced, forward-thinking personnel geared to today’s age of flight. 

Experimental and prototype facilities to handle work of virtually every description to test and prove the 

Testing equipment and personnel tor the maintenance of quality control during production. 

Modern production equipment for the manufacture of any aircraft component or assembly, with all facilities 
located at one site for convenience and efficiency. 




OTHEK INTEillOII EQUIPMENT. Weber Interior equipment of all 
tor both military and commercial use. 



f WEBER AIRCRAFT 
CORPORATION 
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Miniature Relays 



PLATE CIRCUIT 9500 OHMS RELAY 
UNION 9500-ohni, current-sensitive re- 
lay picks up at a nominal value of 8 mil- 
iiamperca throughout the entire tempera- 
ture range of — 65°C to + 125°C, while 
maintaining the excellent shock and vi- 
bration characteristics inherent in our 
standard design. It can withstand 200 
volts across the coil continuously. 

These current-sensitive relays have a 
life expectancy of 100.000 operations. 
They meet or exceed all requirements of 
MIL-R-5757-B and withsUind shock up 
to 50G's, vibration through 1500 cycles 
at ISO’s. 


UNION AC relay with self-contained 
rectifier retains all the best operating 
characteristics of the type M DC minia- 
ture relay. It permits operation in 115- 
volt, 60 to 400-cycle circuits over a tem- 
perature range of — 65’C to 85°C. With- 
stands vibration up to 1000 cycles at 
ISO’s and shock in excess of 50G’s. Has 
a life expectancy of 1,000,000 operations. 
Meets or exceeds MIL-R-5757-B. 

All the above relays are available in 
6PDT or 4PDT models, with all the 
usual mountings and with plug-in or 
solder-lug connections. 


r CIRCUITRY APPLICATIOMS 


_ 1 - 


In grid-switching applications where the relay contacts roust oper- 
ate at low-voltage, low-current levels, specif gold-alloy contacts 
have proven highly reliable. They maintain their low resistance 
through hundreSs of thousands of ojKrations. They are available 
on the complete line of UNION miniature relays. 



AVIATION 









FROM 

AVCO LYCOMING - 
NEW 

MULTI-PURPOSE 
GAS TURBINE 


There’s a gas turbine running at Aveo Lycoming, and 
it promises to power fixed wing aircraft, STOL aircraft, boats 
and tanks as they have never been powered before! Developed 
under the sponsorship of the U. S. Army and U. S. Air Force, 
the T53 has aiready been seiected to power the Army’s newest 
utility ’copter (Bell XH40). 

Note these focis about the T53: 

• oiiMandins per/ormanee— 825 hp. in so little space 
(length: 47.6 in.; diameter: 23 in.). Only 460 lbs. 

Uses a variety of fuels including automotive and 
aviation types, ga.soline and JP-4 with a low fuel 
consumption of 0.71 lbs. per hp. per hr. 

e mininmm of eriljcaf mafm’afs— assures availability 
of the engine even under emergency conditions! 

e rugged design /eofures— guarantee safe operation 
under the most grueling pressures, guarantee 
a long life for the engine. 

• unprecedented ease of mafnleHOncc— entire power 
turbine and combustor may be removed as an 
assembly for inspection and maintenance in the field. 

• rersnfifify— available with front-end take-off or rear-end 
take-off or simultaneous power extraction at both ends. 

The turbine age is here! Developed by the men who built the 
first mass-produced jet engine to fly— built by the manufacturer 
whose reciprocating engines drive more different types of 
fixed and rotary wing aircraft than any others in the world— 
Lycoming’s T53 may solve your future power problems, now/ 
Phone, wire or write for turbine booklet to Avco Lycoming, 
Stratford, Conn. 


defense and industrial products 



WARREN WIRE 
TAKES OVER AS 


HIGH TEMPERATURE SPECIALIST 



n all electrical wiring and cables 
tr aircraft, missiles and rockets 
» Ve beat the Devil at his own game 

WIND . . . HOOK UP . . , INSULATE! From the smallest component to the entire 
connecting system — all can be integrated in one complete Class H system — to 
withstand heat up to and far beyond -t-400°F ambient. What’s more, all these Warren 
Wire products are impeiTious to fuels, chemicals and solvents; have superior abra- 
sion and cut-through resistance; and withstand cold to below -85°F. 


Only Warren Wire can provide a 


From eotire 
staniiird, 
stanped, or 
color-coded 
Cable 
Sycteins 




Wire and Insulation System... 


through 
and 

inclndiug 
wiring 
for 

SOLENOIDS/ SYNCHROS/ 


MOTORS, ALTIMETERS, GENERATORS, AMPLIFIERS, SWITCHES 


and every 
other electrical 
componenti 


CABLES 

MIL-W-7139-A 


HOOK UP AND 
LEAD WIRE 


WW400 — for Identification by Tagging 
WWSOO^for Color-Coded or Stamped 
Identification 


Be Sure — Be Safe tcilh lf'W400 . . . and in 
addition, Save Time — Save Weight — Snre 
Money leith WW500. The world's most rugged, 
heat-resistant and abrasion-resistant cables of its 
type. The silver-plated, copper heart of each is pro- 
tected by impermeable, Teflon-treated glass and glass 
braid. \Vitli WW500, you save time, weight and 
money because lagging or "ringing out” is no longer 
necessary! Color-coding, through 10 solid colors and 
an imlimited number of color combinations, permits 
iiiflanl rirrnil idenlifiealion anyichere it is 
uaeil ... or if you prefer to code with standard 
marking equipment, there is White WW500. 
WW400, colored “natural” brown, b for standard 
tag identification. Send for samples and Specifica- 
tion Chart “W’R’400-WWSOO”. 


Fast Service through 15 nation-nide Sates Offi 


MIL-W-16878-A 
Type E and EE 

WAR8ENITE Teflon-wrapped 
WARRENEX with extruded Teflon coating 
GLASTITE Teflon-wrapped; glass braided 

A complete assortment of strandings, dimensions, 
colors and color combinations — to fit every need. 
All three types ]iossess superior dielectric, concen* 
Iricily and n'sistaucc to water absorption; arc un- 
affected by fungus. Where flexibility is important, 
these wires perform perfectly. Type E and EE wires 
liave COO and 1000 volt ratings respectively. Send 
for samples and Specification Chart “WTFL”. 


w 


MAGNET WIRE 

MIL-W-J9583 I 

SILICONE or TEFLON-COATED e 

^ any gauge can be wound on own diameter ‘ 

Specify these wires for any electrical part wliere * 
magnet wires must be depended on for long, reli- *' 

able service. They are processed and fabricated to ♦ 
withstand heavy manufacturing and operational 
stresses — e\ en in the smallest diameters, as regards: „ 

adherence and flexibility; abrasion and corrosion , 
resistance; aging; twisting; acids, alkalis and pe- , 
troleum solvents; moisture; and of course heat shock 
up to and beyond -*-400°F ambient. They have low 
dielectric constant and are nonRammable, Avail- 
able in sizes 10 through 50 A.W.G. Send for samples 
and Specification Chart “WWlOOl”. 


MATERIAL FOR 
CLASS H INSULATION 

TEFLON-COATED -GLASS: 

Fabrics Tapes Yarns 
Cerdoges Sewing Threads 

All these ‘-Polytel’' Teflon-coated Class H in- 
sulators are dimensionally stable imder pressure as 
well as heal. All possess superior mechanical and 
dielectric strength . . . have extremely low water 
absorption ... are non-tracking. They resist all 
acids, alkalis and solvents, Tliese materials are avail- 
able in all standard thicknesses and sizes. Send for 
samples and Specification Chart “TCG”. 


WARREN WIRE COMPANY 

PCAIST A^D MAIN OFFICE' POWNAL, VERMONT • west orange, n. j, • PHitADEtRHiA • Atlanta • Cleveland* 
DETROIT • CHICAGO* • ST. LOUIS • ST. PAUL • PHOENIX • DAUAS • SEATTLE • LOS ANGELES* • SAN fUANCISCO » MONTREAL 


Manufacturers of Plain Enamel, Nylonet, Formvar, Nyforni, Bendvar, Silicone and Teflon Magnet Wire 
Teflon Hook-up and Lead Wire * Tinned, Bare and Bunched Copper Wire, 



with sustonsl in mind 



• ... It's NEW from Austenal 


In aircraft, in vehicles, in the plant- 
use turbine wheels made by Austenal micrOCaSt 

Wherever you use power wheels - for supersonic jet engines, 
diesel engines, compressors or turbochargers — 

Austenal will make them faster, better and more economically. 
Wheels manufactured by Microcast are inherently of higher 
quality, more durable and more efficient than those 
made by other processes. Tolerances are exact — you have the 
wheel you need, flawless internally and externally, in virtuaDy 
any sire or configuration, many times with intricate 
design details unattainable by any other method. 

Think A usienal when you need turbine wheels. Demand the 
high quality and faultless performance Austenal assures 
manufacturers in all types of industry. 


Austenal has developed a 
vacuum melting method for the 
high-temperature field to cast 
alloys not previously available. 
Write for ^11 dctaib. 

Write todsy fw 
Atistenal's latest booklet, 
"Design with Microcest in Mind." 


austenal 


mlei'ocasi division 

224 EAST 39th STREET, NEW YORK 16, N. Y. 
I 7001 SOUTH CHICAGO AVE„ CHICAGO 37, III. 



Stripped for altfon in .oi^eqonds... 

with Stores-Ejection Cartridges by TV/NCff£ST£R'''^^^in 


WINCHESTCR.WESTERN IS EQUIPPED TO HANOIE 
DESIGN, RESEARCH, TESTING 
AND PRODUCTION ON: 



tortridse* 



Mach 1 or better, the- F-100 lets wintj ranks "go" in a split second. As 
aircraft speeds increase, Winchester-Wesrern's complete mastery of intetnal 
and external ballistics becomes increasingly important to air frame manufac. 
tureis. The same special instrumenratinn and knowledge that solved the 
F-lOO's wing tank ejection problems with a minimum of time and effort may 
literally save you months in answering a wide variety of problems dealing 
with thtusiets, stores ejection or canopy removal. 

Winchester-Western's complete facilities and long experience with many 
varied types of armaments, cartridges, ignition systems and packaged power is 
constantly at the service of interested manufacturers and the Armed Forces. 

Research and Production facilities at Cleveland, Ohio, East Alton, Illinois 
and New Haven, Conn. 

Employment inguiriet are invited from qnaiihd engineers and scientists. 
HIACKISKMlUliAH mviSlDk • SUM MIRlUgN CkfKlCtl COtPOUUIHI • NtW ktVfll f COHHfCIlCUI 


Dickers 

NEW AD M I N t ST R ATI VE 
and 

ENGINEERING CENTER 



Dedicated to the Development 
and Improvement of 

Hydraulic Components and Systems 

Vickers, a pioneer in oil hydraulics for a wide variety of uses, has 
maintained leadership through the years by meons of aggressive and 
extensive research. 

Continuing rapid exponsion of the oil hydraulics requirements of indus- 
try hos brought with it the need for ougmented research and engineering 
facilities. To meet this need, Vickers has just completed this new build- 
ing in suburbon Detroit . . . 150,000 square feet devoted entirely to 
reseorch, development, engineering oppllcotion ond odminisfrotion. 

A milestone in Vickers progress, this new Administrative ond Engineer- 
ing Center is also a promise of future benefits to users of Vickers hydraulic 
components ond systems. 

VICKERS INCORPORATED 


ABMINISTKATIVE ond ENGINEERING CENTER 



■ f on 



How Holley’s 
Compressor Governors 
Help New Jets to 
Supersonic Speeds 


“City-savers” Air Force men call them: the J-57- 
powered F-IOO, F-101 , F-102 and Navy F8U, with 
level flight speeds faster than sound. And city-savers 
they could well be. Certainly their rapid approach 
to the fringe of Mach 2 heralds a new era in the 
progress of jet Right. 

Sharing in the development of this new brood of 
supersonic fighters. Holley engineers, working close- 
ly with Pratt & Whitney Aircraft on the J-57 engine, 
designed the compressor bleed governor. 

This new Holley compressor bleed governor is one 
more example of Holley's continuing leadership in 
the design, development and manufacture of supe- 
rior engine control systems for both military and 
civilian use 




ON OPERATION DEEP FREEZE, a Sikoiaky helicopter ation Deep Freeze. Typical of their accomplishments, one 
flies over the Antarctic volcano Mount Erebus. The helicopter in a 24-hour period ferried 200 men to the 
commanding officer of the Navy Task Force praised shore base from ships five miles away. No other trans- 
the performance of the four H04S helicopters on Oper- portation was possible because of breaking ice. 

AROUND THE WORLD WITH 
SIKORSKY HELICOPTERS 



S-S5s FOR SOUTH AFRICA-The South African Air 
Force has bought two Sikorsky S-55s. These aircraft, 
with a third now on order, will be used for rescue and 
other emergency duties. Above, a pilot officer cheeks 
controls before takeoff from the Sikorsky plant on a 
training flight. S-55 type helicopters serve with all armed 
forces of the U. S. and those of many free nations. 



FOR OIL WORK OFFSHORE— Among oil companies using 
Sikorsky helicopters to speed drilling offshore in the Gulf 
of Mexico is The California Company. The company 
recently purchased two new S-55s to join two already 
flying for the firm off Louisiana. In Gulf operations the 
S-65s are equipped with flotation gear. Above, one of 
them flies past Sikorsky’s new plant control tower. 
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HELICOPTER HISTORY 



JOINING THE MARINES-This huge twin-engined Sikorsky 
HR2S assault helicopter topped performance expectations on 
its recent flight from Sikorsky’s Stratford plant to the Naval 
Air Teat Center, Patuxent River, Md. It was the first 
production delivery flight. This helicopter, known as the 
H-37 in the Army version and as the S-56 in the commercial 
version, has retractable landing gear and two Pratt & 
Whitney R-2800 engines. Its speed, range, and payload 
capabilities reflect marked advances in the art of helicopter 
design and production. 


FIRST MARINE CORPS HELICOPTER 

In November, 1947, at Quantico, Va„ this 
Sikorsky H03S became the U. a. Marine 
Corps' first helicopter. Progressing from 
such early uses as air-sea rescue, being 
demonstrated in this photo, the Marine 
Corps has created new assault tactics built 
around the mobility of the helicopter and ita 
unique ability to transport men and equip- 
ment anywhere. Today, huge HR2S heli- 
— ‘ ' " ' • ' lirlift cap- 



SIKORSKY AIRCRAFT 

BRIOaePORT, edNNECTieUT 

On ef die DMthm at (Aifted AfraniA CerperallM 
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Arma inertial navigation systems 
are new being develepedfor 
X S O K li; 

If you ere interested, contact Arma 
Garden City, N. Y. A division of 
American Bosch Arma Corporation. 


FLY WEATHER-WISE 

These weath^ items prepared in consultation with the United States Weather Bureau 


TUUBO-PUOP OPEIUTION 




Graph shows Temperature variations for warm and 
cold areas — on ground and ai operating altitudes. 


In turbo-prop operation, payload and fuel performance are 
closely tied together. When selecting the fuel's characterisiics, 
ground temperatures in area of opetation play an important pact. 
COLD CLIMES— Trans-Canatla's Viscount plane.s are based in ate.is 
where winter ground temperatures drop as low as -46"F. 
Under these conditions, they use Mobiljet 4. With a freeze point 
of — 76’F. it is free-flowing at lowest temperatures . . - easy to 
pump and won't clog fillets. 

WARM CLIMES: In warmer dimes where the ground temperature 
problem is not acute. Middle East Airlines get top performance 
from its Viscounts with Mobiljet 1. 

Each of these high-grade fuels possesses the outstanding quality 
and uniformity that help you get the most economical operation 
. . . insure maximum payload and scheduled departures at all times. 


For Top Flight Performance — Make it 

SOCONV MOBIL OIL COMPANY. INC., and Amiiain: MaCNOllA tErioirUM CO., 
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THINGS SIAIlVLIiSS 

AND assi:mdi.ii:s do 




FULTON SYLPHON DIVISION 
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From advanced research into the fundamentals 
of the universe— gravity, nucleonics, astrophysics 
—to the development of many of today’s most 
important flight and .weapon systems, Martin en- 


gineering activities are among the most exciting in 
the aircraft industry. 

If you are interested in watching tomorrow ma- 
terialize, watch Martin today. 









SPS PRECISION FASTENERS 




SPS NAS 144 SERIES INTERNAL WRENCHINC BOLTS 

V4-28 iKrough Ji/i-12 
Procuremenl Specification NAS 159 
Made of aircraft alloy steel. Heat treated to 160,000-180,000 
psi. Threads arc fully formed by rolling after heat treatmenu 
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SPS HI-TI TITANIUM BOLTS 

SPS HI-TI titanium bolts are manu- 
factured in both tension and shear 
types. Tension-tension fatigue test 
data and other pertinent technical 
information on these high-strength, 
lightweight fasteners is now available 
from SPS. This material, the result 
of more than 30 months’ intensive 
research and development within the 
SPS organization, is obtainable on 
request. Write today to Aircraft Prod- 
ucts Division, Standard Pressed 
Steel Co., Jenkintown 3, Pa. 



SPS AN STANDARD 6-DIGIT ENGINE BOLTS 


EMcniiil hexagon hciid lype or inlernal hexagon sockel 
head lypc. Made of aircrafi alloy sicel or corrosion-resislam 
steel. Supplied with drilled head or drilled shank. 



SPS NAS INTERNAL WRENCHING 
LOCKNUTS 

>4-2$ through 14-12 
Procurement SpwificationAN-N-5 except 
as noted on NAS 443 
Made ofaircrafl alloy steel, cadmium plated, 
The;/ arc scif-iocking units with positive 
locking provided by two nonmetallic plugs 
Inserted through the body of the nut and 
contacting the threads of the bolt. 



.‘4-28 through 1! 2-12 
rtocurement Specification AN-N-lOa and 
NAS 353 or any other specification that 
may apply. 

Made of aircraft alloy steel. One-piece, all- 
metal lock and stop nuts. Locking is accom- 
plished by (he slotted section locking on 
the bolt threads. Approved to 550“?. 


FOR THE AIRCRAFT INDUSTRY 




For comolete Information about SPS Fasteners for the aircraft industry, write 
Aircraft Products Division, STANDARD PRESSED STEEL Co., Jenkintown 3, Po. 


AIRCRAFT PRODUCTS DIVISION 


STANDARD PRESSED STEEL CO. 










Does 

dimensiona 
control 
like this 
mean 
something 
to you? 


There is nothing typiotl about this measuring device or 
the bearing being tested, yet the ingenuity, skill, and 
facilities involved are available to help you solve a 
bearing problem or improve a bearing application. 

The measuring device illustrated is a Fufnir creation 
developed specifically for checking the angle of contact 
on super-precision jet engine ball bearings. It is one of 
several ingenious and exclusive quality-control devices 
used in the super-precision division of Fafnir. 

A better idea of the facilities available may be gained 
from the design and construction of the Fafnir jet engine 
bearing illustrated. Close examination reveals that this 
super-precision bearing involves 2 angular -contact bear- 
ings assembled in a one-piece, self-aligning type outer 
ring. Each component is precisely made. All must At 
together and function as a super-precision unit. Jet 


engine bearings are tailor-made. Each requires special 
engineering from design to application. 

The manufacture of jet engine bearings reflects the 
Fafnir attitude and aptitude for solving bearing prob- 
lems. Perhaps this combination can help you. Contact 
your nearest Fafnir Sales Branch, or write The Fafnir 
Bearing Company. New Britain, Conn. 

FAFNIR 

AIRCRAFT BEARINGS 

riKST at the turning poials in aircrufl Jesign 








Score Another First for Menasco! 

The nose and main landing gear produced by 
Menasco for the Lockheed Electra will be delivered 
as complete pre-tested, functional systems, ready 
for installation in the airframe. This includes 
tires, wheels, brakes, steering system, wiring, 
plumbing, gear-mounted valves and switches. 

It is fitting, too, that the Electra, America’s 
first turbo-prop airliner, utilizes the latest 
advance in landing gear design and manufacture — 
Uniwelding of high heat treat steels— a 
combination pioneered and offered exclusively by 
MENASCO, specialists in aircraft landing gear. 


Packaged 



Tmenasco manufacturing company 

80S South San Fernando Boulevard. Burbank, California 




IN AIRCRAFT 





The remote corners of the world are now accessible to aircraft designed to 
include the Stroukoff Pantobase landing system. A product of Stroukoff 
research and development, Pantobase will permit landings and take-offs 
from snow, ice. water, sand and unimproved terrain as well as standard 
runways. The increased versatility of the aircraft will reduce the need for 
conventional airports and contribute materially to the advancement of 
logistical techniques. The safety of the Pantobase landing -system, is assured 
by the extensive experience and complete reliability of the Stroukoff 
organization. 



Pantobase — When de- 
signed into an aircraft the 
Stroukoff Pantobase sys- 
tem^ enables the pjane to 

many types of surface 
without changes or addi- 
tional landing equipment. 



BLC - Boundary layer con- 
trol as developed by 
Stroukoff increases the 
effective lift and delays 
stalling of the wing, there- 

spMds^and^ distances for 


Achievement is a tradition at Stroukoff. Leaders in the development and 
design of cargo and transport aircraft. Stroukoff offers challenging oppor- 
tunities to creative engineer.*!. 




NOW AVAILABLE 


the^^ hermetically-sealed rotary switch 

POSITIVE 
SHAFT SEAL! 


Specify ElECTRO-SNAP H10-7 for the 
only rotary switch that Is positively 
hermetically sealed — not merely equipped 
with a tight-fitting packing around the shaft. 
The H10-7 seal is bonded to both shaft 
and case, which is evacuated and pressure filled 
with a dry inert gas. Repeated actuations 
will not loosen the rigid 2-bolt mounting, and 
the splined shaft will not permit slipping 
of the actuator arm. 


Simultoneous moke-and-breok (regardless of 
speed of the actuator travel) of up to 4 
separate circuits permits reversing of 3-phase 
motors, substitution for expensive relays, etc. 
Designers con make excellent use of this 
electrical versatility and freedom from environ- 
mental worries. Obtain more information 
on the H10-7 by writing for data sheet H lOM-8 


ELECTRO-SNAP 

SWITCH & MPG. CO. 


/. UKE ST. 


CHICAOO 14, tU. 





Western Gear hoists will lake the load off youc mind if 
you are perplexed over lifting and lowering problems — 
Scores of different hoist designs have been developed 
and produced for boih airborne and ground installations. 
Our hoist engineers can be entrusted to provide the 
right solution to your hoist requirements, effectively 
and economically. We're waiting to serve you. 

Address General Offices. Western Gear Corporation, 
P.O. Box 182, Lynwood, California. 


you can cou/Tt on 



FLYING IN NEW ENGLAND... 

It’s always a short hop to 



When business or pleasure takes you to New 
England, or anywhere from Maine to Texas, you’ll 
find the convenience of flying matched fay the 
convenience of an Esso Dealer Airport. 

There are more than 600 Esso Dealer Airports 
serving your private, corporate or company planes 
with high quality Esso Aviation Products. These 
i th^amous fuels and lubricants used by 
the world’s leading airlines and 


backed by 46 years of flight testing and research. 

And whenever you land at an Esso Dealer Air- 
port, you get extra convenience with an Esso Credit 
Card. With it you and your company can charge 
gasoline and oil, lubrication, tire and battery serv- 
ices, landing fees, over-night storage in transit 
and minor emergency repairs. 

Wherever you fly— from Maine to Texas— you’ll 
find Esso Aviation _ roducts. 


FREE TO PILOTS! For your free copy of "You and Imstruments" by Col. Duck-worth, 
paeked with iiitpoi-fanf information, be sure to see your nearest Esso Aviat.ion Dealer. 
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S U P E R I 
TUBING 



Superior can supply all your small metal tub- 
ing needs with premium quality tubing that 
meets all these requirements: light weight; 
close tolerances; workability; ability to with- 
stand vibrations, shock, high temperatures. 


and high pressure surges. Shown here are some 
of the many aircraft applications for tubing, 
the necessary qualities required of it, and the 
analyses in which Superior makes such tub- 
ing available. 




w The big name in small tubing 



xo 



Producers of Cases, Covers and Custom fl tal Stampings for Eiectrical, Electronic and Nucleonic Industries 
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iC SPECIAL UNITS 

Eastern's continual research and development program 
keeps pace with the growing aviation industry. As new 
problems occur with progress in aircraft development, 
Eastern units are constantly developed to fill their func- 
tion as planes fly hi^er, or faster, or with greater load 
capacity. 

Eastern welcomes the chance to help engineers "take 
out the bugs" with equipment that cools, pressurizes, 
or pumps. From the extensive line of existing units, 
new adaptations, or custom-made designs. Eastern is 
ready to meet every challenge for equipment that 
bandies your needs the best today . . . better tomorrow. 



Write for Aviation Products Catalog, Bulletin 330. 









Famous as first in the development and manufacture 
of a growing list of advanced aircraft accessories. 
Simmonds offers the U. S. aviation Industry 

a proved source for specialized electronic, 
hydraulic and mechanical components and systems. 


Simmonds precision products 

ELECTRONIC • HYDRAULIC • MECHANICAL 


Lightweight Piicitron Fuel Gage Systems: Fuel 
measurement and fuel management systems incorporat- 
ing the very latest technological improvenienis are now 
available in (he famous Pucitron systems, Consistent 
reliability coupled with dynamic progress is typified by 
the Load Limit Control, the Thermistor Level Switch, 
and the new True Mass Fuel Gaging System. Specifica- 
tion of Pacilron in the latest military and commercial 
aircraft emphasizes Simmonds continued leadership 
in the field. Write for booklet "Fuel Gage Systems for 
Transport Aircraft." 

Simmoitds SU Fuel Injection Systems: The only ad- 
vanced type fuel injection system now in production for 
medium h.p. gasoline engines, the SU System has been 


Precision Push-Pull Controls: Simmonds Push-Pull 
Controls are positive, precise and rugged. Capable of 
heavy loads and accurate operation under vibration, 
continuous cycling, Icmperaturc extremes, etc. Proven 
in millions of miles of reliable service on aircraft engines, 
pressurized doors, and specialized applications such as 
temperature actuators and afterburner control systems, 
Write for design literature. 

Conling and Access Latches: Heavy duty flush fitting 
aircraft latches for installation on cowlings and access 
panels, Two-piecc toggle type construction, available to 
fit a wide range of structural curvatures. Used success- 
fully for attachment of plastic radomes and other 
detachable structures. Portfolio of latch designs avail- 
able on request. 

Explosion Suppression Systems: Designed to provide 
protection against the most common single cause of the 
loss of combat aircraft — explosions resulting from [he 
ignition of fuel/air mixtures. Now flying on U. S. com- 
bat aircraft, this is another Simmonds first. Further 
information on request. 

Simmonds 

AEROCESSORIES, INC. 

General Office*: Tarrylown, New York 


HE SHALL HAVE 


MOBILITY 





WHEREVER HE GOES 


net a 




Oulslandmg job oppoiimiilict 

are available for engineers 


(2otpotation. 


He is a soldier in (he army of the atomic age. Nuclear 
weapons liave not made liiin obsolete; lie remains 
the final decisive element. 


But to figin and to win he must have mobility- 
in tliree dimensions. Vertol lielicopters — such as 
the H-2I "Workhorse” — give him this freedom 
of motion, of action. 

Now he can be flown into position, rein- 
forced, or redeployed in a matter of hours, He 
can be supplied, rearmed and fed — and 
Vertol "flying ambulances” can rusli liim to 
the combat hospitals for earliest treatment. 

The rugged, reliable H-21 can airlift 20 
rtilly-eqai]>ped soldiers, or, for medical 
evacuation, 12 litter cases witli attendant. 

In its cabin, more than two tons of cargo 
can be carried. As a "flying crane” 
it can ferry bulk equipment over river* 
and mountains on its external cargo sling. 
Performance — versatility; these are 
the reasons wliy the Armed Forces 
have consistently picked Vertol 
helicopters for die toughest jobs. 


MORTON. PENN9YUVANIA 



negative problem . . . positive solutmi 


Removing metal accurately and quickly can be a prob- 
lem. It requires the skill and experience of master 
craftsmen . . . the finest machine tools ... it requires a 
positive approach. Only then can the product meet ex- 
acting specifications of economy and precision, 

For more than thirty years Axelson has specialized 
in the positive solution of difficult production problems 
for aircraft components and subassemblies. Today, our 
history of accomplishment is being perpetuated by 
Axelson's production technicians, carefully trained in 
the specific machine tool operations required for the 
production of precision aircraft parts. 

Our expanded facilities are equipped with the most 
reliable, precise machine tools available . , , we have 
augmented our staff with top-flight engineers ... to 


make available to you— in addition to Axelson's experi- 
ence in production — service in research, design and 
development. 

Call on Axelson early ... to take over your program 
at the planning stage and carry it through to successful 
completion. 



Axelton Manu/aoturing Company 

AIRCRAFT 

ZKviswn of U. S. Indnslrieo, Ine. 


CISO South Boyle Avenue, Lot Angeles 5S, California 



minm m mmns 

Sam lives in the Air 


There are some flight emergencies a pilot can’t practice— ex- 
cept in a simulator on the ground. For instance bad weather, 
night landing, abnormal turbulence, even engine fire during 
landing or takeoff, are just a few of the many flight emergen- 
cies which can be reproduced fully and realistically in Link 
Flight Simulators- 


In such simulators as this B-47B Jet Flight Simulator, pilots develop correct 
reactions and correct techniques to meet all flight situations— without risk of life 
or equipment— and at very little cost in time and money. 


There is no more economical way to train student pilots in the handling of nor- 
mal and emergency flight procedures than in a flight simulator, 


of Jel flight Simulators 





U B S I D I A R 


OP G E N E R 


P R E C I S I O 


e Q 


IPMENT CORP. 




a giant's grip... tiiat's Feallier light I 


If great strength plus 
extreme lightness are your 
aircraft design goals, you should be 
utilizing the advanced engineering, chemistry 
and production know-how that have made Metlbond* 
structural adhesives the standard of reliability throughout 
the aircraft industry. 


More than a decade ago, Narmco pioneered aircraft adhesive bonding— 
a design revolution that has since enabled engineers to build unparal- 
leled strength and performance into structural components by the very 
nature of this uniquely efficient fastening method. Today, Narmco’s 
accumulated skills stand behind a distinguished line of custom- 
developed adhesives, including Metlbond* 302, a multi-purpose sup- 
ported adhesive designed for metal-to-metal and sandwich applications 
requiring prolonged temperature integrity to 500° E 



It has to 
be better 
tp reach 


I 



MELETRON’S 

STANDARDS 
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Now! 

line off 


ADEL 


offers a new 

HIGH TIMPIRATURE 


MINIATURE VALVES 



Here 

Aj»«1me of valves that will meeiMSW 
•■fSquireineni demanded by today’s acce!«uiag 
aircraft designs. \ 

Performance and environmental demands, in N 
conjunction with design simplicity, size and 
weight— all requirements a valve must face- 
are met by these revolutionary new models. 
Months and months of exhaustive engineering 
lime in ali fields have gone into the develop- 
ment of this line. Research in metallurgy, 
endurance, stress and surge control have 
all contributed to (he end product. • 


liiusinM 


Versatile, high 
temperature performance^ 
in a miniature package 
^ . .pioneered by ADEL 


THESE VAIVES ARE NOW IN PkODUCJION. 
MOfNEERINe SAIES REPRESENTATIVES ARE READY 
TO DISCUSS THEIR APPUCATION TO YOUR REOUIREMENTS. 
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Your prime source for 

FASTENERS 


A division o< PHEOLL MANUFACTURING COMPANY 

8463 HIguera St., Culver City, California 

Offices in principal cities of the United States and Canada 
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A four-day pack trip in 45 minutes 


Flying s]>orlKmcn into Iilalio's l>ig-gumr |>uraaiac. Tom 
Kiiskila covers the 90 mites to itic niggetl Selway Primi- 
tive Area in teas llian an lioiir after takeoff from iiis liome 
port of Orofiiio. He drops into narrow canyons to unload 
liis passengers, then airlifts other liunters and tlieir heavy 
game back to civilization. 

"Almost all my (lying is over rough timher country,” says 
Mr. Kiiskila. "Wc make game counts from tlie air. clieck 
timber for disease, uiitl Ry rigiit at tree-to|j lev el when we 
have to lead fire fighters to a fire. One big problem is higli 


head temperatures in our kind of flying. Dnt even climhing 
out of a canyon uticre tlie air is really hot and dead, 
Chevron Aviation Gasoline 80/fJ7 gives full power nitli* 
out knocking. It never fouls |)liig8. either; with Clievron 
80/!i7 I never clean them Itclwcen liXf-liour checks. 
"You'd tliittk we’d have ring and valve troubles Ivecause of 
tfie higll engine teni|ieratures and frei]ueiit takeoffs, but 
KI’M Aviation Oils give full-time protection. We gel as 
much as !IIX) flying hours between top overliauls.and never 
have tronl)!e with sticking valves. 'RPM' is lops.” 




TIP OF THE MONTH 

11 \ 


When refueling, leave a little 
room in the tanks for expansion. 
Everv 10 gallons of cool gas can 



e\[)and as much as an extra quart 

Wmi 


if your plane is in the hot sun. 



We take belter care 

of your plane 
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3 FEATURES 

EXCLUSIVE WITH 

AIRMASTER 

CASTERS 


In the gigantic plant of Douglas Aircraft Company, Tulsa Division, 
many tough materials handling problems arc solved with specially 
constructed castcred dollies. For example, highly delicate equip- 
ment is used to test instaliations in the pianes, A way was needed 
to transport this test equipment over rough ground without jarring 
the instruments. Douglas Tool Engineers designed the Fiowrator, 
mobile test unit, mounted on Faultless Double Action Spring Cast- 
ers. Sensitive test equipment thus is moved speedily anti safely 
over uneven floors and terrain — inside and out-of-doors. Produc- 
tion costs arc cut at testing locations because readjustment of the 
gauges is unnecessary. Equipment arrives ready for immediate use. 
To get the complete story on the Douglas caster application men- 
tioned above, simply cafi your local Faultless Caster Distributor 
listed in your phone directory, or write us today. 


Two of many AIRMASTER Casters 
produced for the Aviation industry 


HOW 


ARE 


SERVING 


AVIATION 


Mveus AifoufT eoMPAHK msA, stti/es aimeur 

MAjemAlS MAHtim PAOAUAI fAA lASTAIIAItllTS 



Aft/&c&Sufier^Q>oopet 


// 

SEES ALL 


TELLS ALL 




Reconnaissance television 
moves GHQ 

directly over any target zone 

Today, the United States Air Force has perfected a far- 
seeing "third eye". . . strategic airborne television. Now 
the Military Command can watch the TV screen astliough 
it were a living, moving map . . . and direct distant 
maneuvers and operations. Philco is proud to have 
developed a special airborne TV system, to meet the high 
technical and performance standards of tlie U.S. Air Force. 


PHILCO is Currently Engoged in Long Range industrial and Diverse Military Engineering Fields 

* Guided Missiles ‘ Radar" TRANSAC Digital Computers ■ Underwater Ordnance " Bombing and Fire 
Control Systems * Servo-Mechanisms ■ Micrewave Communication Systems " Infra-Red Devices * 

Transistor Circuit Application « Multiplex Equipment ■ Television Relay Systems « Industriol TV • 

Color Broadcast Equipment « Forward Scatter Communications « Fire Control Systems « REDAP 


Philco offers a wealth of career opportunities for qualified engineers 


PHILCO CORPORATION 

GOVERNMENT and INDUSTRIAL DIVISION • PHILADELPHIA 44, PENN A. 




AIR MATERIEL COMMAND IS GLOBAL LINK 
BETWEEN RESEARCH AND COMBAT UNITS 


Supplying the Air Force 'rith llie riglit eqiiipinent, al ihe 
right place at tlic riglit time is llie mission of Air Materiel 
Coitmiaiid. Its pmciiremeiit, supply and maintenauce opera- 
tions fill tlic area betsveen rcseai’cb anti development on r)ue 
side and combat units on ibc oilier- It is the laigt’st business 
in ibe couiitiy. 

Because our Air Force is operating in all quaiiers of the 
earth. -AMC is a globe-circling operation with its headquar- 
ters centered at W'rigbt-Palterson AFB near Dayton, Ohio. 

Tile vital logistic mi.ssion for Ihe Air Force involves bil- 
lions of dollars in proenicmeiit. thousands of aii'planes. and 
more than a million different kinds of supply items. Organi- 
jMitionally, AMC includes fourteen air materiel areas, or 
major area depots, located in the United States, Europe, 


North Africa, and the Pacific- Geographically, air materiel 
operations cstend thnmghout the free world. 

Working 'vitli weapons ssstoms contractors in private 
industry, AMC procures the equipment which has been de- 
veloped and tested by the Air Hesearch and Dci elopmcnl 
Coimnand. and distributes the erinipmcnt to combat units 
as needed. The never ending objective of the Air Materiel 
Command is to maiutuin an instant combat readiness, 
logistic-wise, in this era of super speerls and super weapons 
In support Air Force operations at any point on the globe. 
The philosophy of Air Materiel Command is that such 
readiness must be characterized by the closest interrelations 
of combat and logistic elements, by speed, Hexibility, mobil- 






route 


Foot* Bre*. OMr and Maehin* Corporation 

asts South iMMlwn SoalaMH. OMB^l.Oicaoe t. Illinofa 





H4UU1 

I i ' I Aircraft Controls 

for a clear view ahead and comfort aboard the Martin B-57B 



In addition to supplying temperature control Systems for many 
types of military craft. Barber-Colman Company produces auto- 
matic temperature controls for aircraft flown by 25 leading do- 
mestic airlines, 50 foreign airlines, and some 225 business firms 
operating their own multi-engine planes. 

Tlie complete line of Barber-Colman aircraft controls includes; 
Actuators; Positioning Controls; Temperature Controls; Small 
Motors; Valves; Ultra-Sensitive Relays; Thermo-Sensitive Ele- 
ments. Consult the Barber-Colman engineering sales office near- 
est you: Los Angeles; Seattle; Baltimore; New York; Montreal; 
Melbourne. 


Barber-Colman Company 

DEPT. H, 1422 ROCK STREET, ROCKFORD, ILLINOIS 


AIRCRAFT CONTROLS • AUTOMATIC CONTROLS • tNDUSTRI AL I N STRU M ENTS • SMALL MOTORS . AIR DISTRIBUTION PRODUCTS 



Creativ/fi Pioheef-s inTranst>oH: 
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GENERAL 


PRECISION 




A billion dollars worth of jet air liners 
are building— fremendous/y last, fuel-hungty 

The vital navigation problems these jets 
pose— problems affecting both the safety and 
economy of commercial jet operations— have 
been solved by GPL’s Radan Navigation 
Systems. 

Radan Systems are the most accurate 
airborne navigation systems an air line can 
buy. They are completely self-contained; 
need neither ground aids nor celestial fixes. 
They will work anywhere in the world, under 
mceivable conditions. 

ADAN Systems enable a pilot always 
Ic the quickest route to his destination 



—and stay on it. Radan -equipped planes will 
keep safely in their air lanes, require less air 
space, come in on-the-dot. Thus, by reducing 
airport congestion and delays, Radan will 
add to passenger comfort and satisfaction. 
Moreover, Radan Systems cut flying time to 
a minimum— and every second trimmed from 
air time saves air lines many dollars. 

Radan Navigation Systems are typical 
of the many notable components, equipments 
and systems that have resulted from GPL’s 
advanced technological resources and engi- 
neering skills. 

For further information, or help with a 
specific technological development problem, 
write to: 


GENERAL PRECISION LABORATORY ,~c 



BENDIX-PACIFIC 

For Systems and Components 









Design ahead with 

Weather HE AD 

SWIVEL JOIMTS 


For defaiW inFormolio/i, design 
ond insloUalion data, write for 
Engineering Application Monoal 
AM-)?. 

rat WlATHlRHlAD COMPANY 

300 EAST niit STREET • CLEVELANO, OHIO 

W»il Ceotl:in» STANOAKO AVE., OlENPASE, CAIIF. 

rUnUUClEVilAnClnKAKKtEI'r. OHtO.ClEtlDilLCailF.-ST THOtllS. 0>T»lCI. c>n>o> 


With this pressure-bolonced, poterled’’ plane-type 
swivel you con make flexing installations the most reliable 
links in your aircraft piping system. 

Rotomite design does not depend upon piping to drive 
or rotate . . . shaft moy be actuated with mechonicol drive rod 
eliminating lube fatigue failures at piping connections. 

Other advontoges include: 

Low Torque 

Pressure-bolonced . 
system pressurel 

Wide operating pressure range 
Corrosion-proof 

Trouble-free operation thru extreme temperature range 
Full 360° rotation for all manifolds 
Rotomite is recommended for oil hydraulic, 
pneumatic, goseous and vacuum carrying installolions. 


high friction regordless of 
0-5000 psi 


USE 

FOR 
CONN’ 




THE THERMISTOR OF THE FENWAL <1000 is located in the lip 
of a sprinp loaded probe which conveniently screws into one 
of the positions normally occtmied by one of the screws which 
hold the windshield in place. The spring loaded probe extends 
into the inner glass surface and laminated portions which form 
the center of tnc Jeminated "sandwich.” 



IN THE CONVAIR F-I02A. (hc Fenwal Thermistor Over-Heat Detector, 
81000 Control, warns the pdot if the windshield becomes overheated. The 
windshield in the Cons-air F-IOOA is healed with hot air. At extreruelv low 
temperatures-this serves to raise the temperature of the windshield and 

E revent fogging. If the air continues to heat the windshiHd after eoming 
‘otn the low temperature area, the Fenwal thermistor unit prevents the 
danger of the glass cracking by warning the pilot to turn oft the heat. 


HOW FENWAL’S THERMISTOR 
OVER HEAT OETECTOR 
PROTECTS CONVAIR’S F-102A 


The Fenwal Thermistor Over-Heat Detector gives quick, de- 
pendable response to temperature changes in a variety of air- 
craft applications. Its compact size and light weight, plus con- 
formance to applicable military specifications, may be the 
answer to one of your temperature control problems. 

Write for complete data to Fenwal Incorporated, Aviation 
Products Oivlsion, 128 Pleasant Street, Ashland, Mass. 


Controls Temperature 
. . . Precisely 


^ THE FENWAL <1000 CONTROL UNIT consists of a black crackle fimshed 
aluminum housing with a five pin male receptacle for connecting the power 
supply, a thermistor probe, and an indicating device. The unit features an 
adjustable potentiometer that is accessible through the top and has a 
liermelicalJy scaled relay with all components coaled with a fungicide 
varnish. 

It has an input of 20.30 volts D.C, at .05 amperes maximum. Load con. 
(acts are rated at 30V, D.C. at 2 amperes maximum: non-inductive. The ad. 
juslable range of the unit is 170*F ±10*F, to 270’F ±10*F. It has a tem- 
perature differential of }0*F maximum over adjustment range, maximum 
storage temperature of 212*F and operating temperature range of — 65’F 
to ldb*F. Total weight of probe and control unit is less than d.5 Ib. 





. . protects aircraft 
wiring systems 


Monadnock’s new nylon grom- 
met is available in standard sizes 
(from to 5''installed inside 
diameter) for use in round holes 
or special grommets can be 
manufactured In volume to fit ir- 
regularly shaped holes. Samples 
and additional information 
from your neatest United -Cart 
or Monadnock Mills representa- 
tive. or write fot illustrated 
data sheet. 


Nylon grommets will not reoct with spilled fuels, 
chemicols or hydraulic oils. 


San Leandro, California 

Subsidiary of U N IT E D - C A R R FASTENER CORP. 
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The Accepted Anti-Skid Braking System 
Stnndard Equipment on the B-47. B-52. 
B-C6, ASD, RF-84F, F-IOOC&D, F-107, 
C-133A, C-130A. Tested on thirty-five 
other types of aircraft. 
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good resLSons -wliy... 


every fighter, every bomber, 



T>’pes include solenoid pilot valves, pneu- 
matically operated hot air valves, motor 
operated butterfly valves. 


High vapor/iiquid ratio fuel booster and 
transfer pumps. Outstanding perform- 
ance . . . exceptional economy. Now flying 


on the F8U-I, F-IOIA. F-5D, B-62. the 


Regulus. the Navaho. 





Precision Parts by the Yard! 


By the Harper extrusion method using 
glass as a lubricant, it is possible to 
form intricate parts as rapidly as you 
squeeze toothpaste out of a tube. 
Besides carbon steels, alloy steels and 
specialty bronze, the Harper Company 
also extrudes titanium, stainless steel 
and heat-resistant alloys, 



• Machining is reduced or eliminated 

• Close tolerances are held 

• Wide range of shapes is available 

• Quick delivery is assured 

An illustrated book "Extrusions by 
Harper” is available. Write for a copy. 


The H, M, Harper Company • 8280 Lehigh Avenue • Morton Grove, Illinois 
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OVIR 7000 ITIMS IN STOCK, ..HARPER OISTRIRUTORS EVERYWHERE 


■QOI 


HARPER 
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i Mast of 

SHELBY SEAMLESS TUBING 

f (USS STAINLESS STEEL) 


provides high strength and 


corrosion resistance for coaxial antenna 



The Type 3006 Coaxial Colinear Antenna*, 
consisting of three hall-wave vertical dipoles 
arranged colinearly and operating on a fre- 
quency range of 152-176 MC, is especially 
suitable for patrol car broadcasting. The 
three vertically arranged dipoles exhibit a 
gain of 5 to 6 db over a standard single 
dipole, and produce a low angle of radiation 
with equal radiation in ail directions. 

This 13'/^-foot, 40-pound antenna is sup- 
ported by a mast made of Shelby Seamless 
Tubing (USS Stainless Steel) running 
through its center. In addition to possessing 
the tensile strength to withstand 100-mile- 
per-hour winds, this stainless supporting 
mast has high corrosion resistance— will not 
flake from oxidation and cause short circuits. 

In such critical applications where su- 
perior strength, uniformity, dimensional ac- 
curacy and corrosion resistance are needed, 
Shelby Seamless Tubing of USS Stainless 
Steel is consistently chosen to meet the re- 
quirements. Shelby Seamless Tubing, avail- 
able in a wide range of diameters, wall 
thicknesses, various shapes and steel anal- 
yses, is produced to exacting standards by 
the world’s largest manufacturer of tubular 
steel products. If you wish, our engineers 
will make a study of your requirements, and 
will help you apply Shelby Seamless Steel 
Tubing to your specifications. 


NATIONAl lUBt DIVISION, UNITED STATES STEEL CORPORATION, PinSBUROH, PA. 

(Ti/biitg SfitckiMtiJ 

/A STEEL DIVISION, SAN flAHClSCO, PAdFK (OAST OISIIliUTOIS • UNITED STATES STEEL EZPOIT COMPANY, KETV VOK 



SHELBY SEAMLESS MECHANICAL TUBING 

NITED STATES STEEL 



'^<m^BRAKES with 


oi?iO 



Here is an unbeatable roiiibinalion — tlie Kcmlix Segineiitnl 
Kotor Rrnkc anil Ceratnelalixf brake liiung. 

These two were made for each other — literally! P'or 
CerainctnliM lining was developed by Reiuliv for use in 
Rendivt brakes; then, the brake itself was proportioned to 
take fid) advantage of this remarkable new kind of friction 

NO KAI)K. The result is a brake (hat will not fade, fuse or 
lose friction, even under braking loads that heat the linings 
to ineanilesient tenijieratures! 

UKSS MAINTKNANCK. Also, less lime and expense are reipiired 
for mainlenaneo beeaiisi' adjiislmeiits are less frequent 
and linings last several times longer. 

NO « vKt'iX;. The lining material itself is a good condiietor 
of heat. This, combined ailh the exclusive Kendix seg- 

BENDIX S^vTsfo’^ SOUTH BEND, me, am* 

8ENDIX AVIATION CORPORATION 



nienteil rotor eonstriirlion, eliminates warping and welding 
of friction surfaces. 

It all adds up to a new high in brake performance that 
meets the challenge of stopping increasingly faster and 
lieavier airplanes witli a brake "'package" of necessarily 
limited size ... a brake that, even under the toughest cou- 
dilion.s. rail be depended upon from tourh- 
down to the end of the landing run! 


stator faced with 
Cerametolix— an entirely different kind of 
friction moteriai. Cerometaiix is a sintered 
compound of ceramic and melaiiic ingredi- 
ents thot has amazing resistance to heat and 
wear. As a resuil, friction looding and 
energy absorbing copocily can be opproxi- 
motely doubled. Uu. ox. »r. s». 



As Higher and Higher Altitudes Are Attained 
STRATOPOWER HYDRAULIC PUMPS ARE THERE... 


AND-NOr JUST TOR THS RIBII 


Design lor lomoirow's oitcrafll Thot's the keynote of the engi- 
neering back oi the new STRATOPOWER Hydraulic Pumps. 
Aircraft. Rockets, Guided Missiles or Satellites . . . the PUMP 
is vital to the successful performance of the project. Engineers 
responsible for the design of hydroulic systems for these ve- 
hicles provide a sure source of Fluid Power with— 


STRRTaPaiUER^ 


^he 65F Series Fixed Displacement Pumps and the 65W Series 
s^riable Delivery Pumps are designed to operate dependably 
OK^mperatures in excess of 400'F and at drive speeds of over 
IChoBO rpm. These Pumps are light in weight and have excep- 
tion^y high horsepower/weight ratios. The new STRATO- 
PO Wljfl'design can easily be adopted to fit special requirements 
to save Space and weight in aircraft and missiles where every 
pound saved is truly more than worth its weight in gold. 


In the air and on the ground, STRATOPOWER Hydraulic 
Pumps assure reliable hydraulic Utility Systems and Boost 
Systems, and add to the high performance requirements of 
Auxiliary PowerUnits.Radar Scanners and StabilizedPlatforms. 


WATERTOWN d> 

THE N.EW YORK AIR BRAKE 
STARBUCK AVENUE • WATE 

rNTEINATIONAl TAtES OMICA. T« WEST ST., N 




ROLLUIRy 

BEARINGS 

Cm^Mt Ihw tl t«M Wat niirM tslhr l**tiafs 


.Tet engine main shaft bearings face 
their most crucial test in tlie years just 
ahead. 'J’hey must survive speeds and 
tetnpcraturcs beyond any performance 
limits yet aciiievcd. 

At Rollway, new high-lempernture 
are regularly examined in the 

search for greater precision and 
stability. 

with the engineers \vho adapt 
and findings to the 
customers, Kollway’s 
all the way from 
to delivery schedule. 

of Rotlwuy precision 
be the end |)rodiicl of 
experience, 


Rendezvous at 15,000 (rpm) 

Bearing: 600° (F) 



£2 





jopy of Bullet 




whether 
you 
think 
in terms 
of 



The Ciankihiifl is the backbone of the piston- 
i)pc engine. Illustrated above is the crankshaft 
forging for the most powerful piston-type air- 
craft engine e\er produced. 



Horsepower 


Thrust 


The history of Wyman-Gordon's 
contribution to aircraft progress 
dates from the inception 
of the "flying machine". 

The jet age is now calling 
on the unparalleled resources 
of Wyman-Gordon, which include 
the widest range of hammer and 
press equipment and the greatest 
technical know-how in the industry. 

Larger and more intricate 
forgings than heretofore available of 
aluminum and magnesium are being 
produced on presses up to 50,000 con 
capacity, and giant hammers are 
fulfilling the growing need for 
forgings of titanium, high density 
materials or so-called super alloys. 

Now, as for nearly 75 years, 
there is no substitute for 
Wyman-Gordon experience and ability 
for — Keeping Ahead of Progress. 


At the bottom left is a turbine disc forging made 
from high density heat resisting alloy, and 
ne.xt to it is a titanium compressor wheel 
forging for two of the most powerful jet engines 
yet produced. 



Wyman-Gordon Company 

Ejlablished 1883 

FORGINCS OF ALUMINUM • MAGNESIUM • STEEL • TITANIUM 
WORCESTER I, MASSACHUSETTS 
ILLINOIS • DETROIT, MICHIGAN 


HARVEY, 


How to be SURE yovr EGT onef RPM 



Systems are RIGHT . . . 


C/iecfr with the BAH Instrument 


Jetcal 


Tests EGT System Accuracy to 
±4°C at Test Temperature 


Tests RPM Accuracy to 
10 RPM in 10,000 RPM (±0.1%) 


ANALYZES JET ENGINES 10 WAYS: 


Two of the most important factors that affect jet engine life, 
efficiency, and safe operation are Exhatisi Gos Temperature 
(EGT) and Engine Speed (RPM). Excess heat will reduce 
“bucket” life as much as 50% and low EGT materially reduces 
efficiency and thrust. Any of such conditions will make opera- 
tion of the aircraft both costly and dangerous. The JETCAL 
Analyzer predetermines accuracy of the EGT and (inter- 
relatedly) Tachometer systems and isolates errors if they exist. 
The JETCAL is in worldwide use. Used by U. S. Navy and 
Air Force as well as by major aircraft and engine manufac- 
turers. Write, wire or phone for complete information. 







expand your 

oscillograph capacity as your 
needs demand... 


with the 

HEILAND 

Series 700C 

Recording 

Oscillograph 




PUSH 


it's connected ! 


WIGGINS' NEWEST! 


an automatic connect! 


SURE 

POSITIVE 

SAFE AND DOUBLE SAFE 
ANY DESIRED SERVICE 









C3n you use 

• A curved pneumatic Actuator 

• Almost infinite stroke 

• Travel equal to total length 


A DIVISION OF FAI8CNHD ENGINE & AIRPLANE CORPORATION 


to your 
imagination. 


—these juncuons— 
can you use them? 
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A Message from ARDC 


Jhere is no person in ihis country who is not, directly or 

indirectly concerned with the roce for quolitotive suprem- 
ocy in the air— the keystone to our survivol os o free and 
prosperous people. 

To ochieve ond maintain such supremacy, the United Stotes 
Air Force has erected a management tool unique in the 
history of miiitory warfare— the Air Reseorch and Develop- 
ment Command. 

In the accomplishment of its vital mission, ARDC has 
joined forces with other Air Force commonds and government 
ogencies, with Americon science and industry, to create the 
greotest teom ever assembled for one single purpose-quoli- 
totive superiority for the Air Force-in-being as well as the 
Air Force-to-be. 

It is difficult to grosp the vast scope and full significance 
of AROC's over-all effort without o complete ond detailed 
knowledge of the individual ond voried efforts of its for- 
flung research, development and test centers. 


Nor is it sufficient merely to cite stotistics about these 
centers, no motter how impressive they moy be. For ARDC's 
uniqueness is founded on the manifold tolents of its personnel 
and the unusuol noture of its facilities as well as on the 
manner in which these talents ond focilities are welded into 
an effective operoting system. 

In providing a comprehensive account of ARDC, its concept 
and its mission, AVIATION WEEK is, therefore, rendering on 
invaluable service, not only to ARDC itself and to its team- 
mates but, obove all, to ARDC's 160 million stockholders— 
the Americon people. 



Thomas S. Power, UeuIcnanI General USAF 
Commondcr, Air Research and Development Command 


The Critical Race for Research 


RESE.\RrH A\n nrvELOi’MKXT in liir hroml Ircli- 
iiiral fielcJs that ate ii<i\v ciu-nniimsseil liv iifiial 
weapon svsleni,< is one of llie mnsl iinporlanl in- 
veslnietils eilizetis n[ (lie I’nilni) Stales oin make 
in ihe future of their eoiinliy. 

The ai|-power lesearc-li ami (ievclopnienl in- 
vestmeiU ofTeis a dual return. 

First, it is neecssarv In lievelup aerial wcapiili 
systems of suHieieiil siiperiorily llial will ofTer 
the hope of delerriiif; any |)utenliai aggressor. 
In llic evpiiL llml lliis hope fails, it is the ijualily 
Ilf these aerial w<‘apiin systems dial will drier- 
mine the degree of siieeess « ilh « hieli this eounlry 
will lie defended. 

Second, the progress made ihmugli sustained 
effort on limail scuenlifu- fronts i'<'i(iiired for 
(he airpower program will prodiiee a steady 
stream of improved lediiiology that can be ap- 
plied to the civil tispecis of .American indnslrv. 
\nelcur powi'r. eh-elroiiii-s, new material.' such 
as plasties and titanium, ami civil air transport 
ai-e just a few of llu' many civilian imIusLrial 
by-products of mililurv airpower leseareh. 

CRITICAL PHASE 

WE HAVE NOW HKAi;ill-;i) A CIIITICAI. I'lIASE ill llie 
airpower re.searcli and ilevelopmenl |)iogram. 
For the first lime in 1-v years wo arc agtiiii being 
ehallenged by an aggressive foreign philosophy 
ihat is attempliiig to develop superior military 
airpower to jiromole Its ei'onoliiie and polllieal 
jiliilosopliies. .At the same lime we have reached 
a point where oiir legislative ami adminislralive 
procedures can iiu longer malcli the ia)ud pace 
of leelinologieal progress and arc ailiiieialiy rc- 
slrieliilg our poU-iilial pace of ilevelopmoiil. 

We are also faidiig liie eoiisei|uenees of two 
decades of furious leelmoliigieal development 
that has lirtualiv liraiiii'd llie reservoir of basic 
scientific kiiowledge. Major advaiiei's on all the 
iiroad fioiils of soieiiee are desperaUdy needed 
to keep pac e willi the deniamis of llie leelinologieal 

,AII of these' /actors eomliine to prodiiee a 
siluatiuii uni<|uc in the liistury of this nniiilry. 


This recpiircs new and fresh a|)proaehes bv the 
mililaiy. iitdiislry. legislators and tax-paying 
eilizens to vcoik logellier toward e(fiei<-iit and 
eeoiioinieal aeliicvemenl of the eoinmon goal of 
mainlaining and ineiea.siiig our margin of li-e!i- 
ideal siiperiorilv. |xirlieularly in llie vital areas 
of alcimie-airpower. 

One of the rno.sl hopeful Iremts in this dirce- 
lion was llie Air Fciree recognition of llie |>rob!eiTi 
by ercaling the Air Research ami Deveiopnu'iil 
Command five year.s ago. In its five year hisloiy 
,AlfI)C has been aware of llie neeessily for basic- 
ally new oigaiiizalional. fiseal. imliisLrin] ami 
U'elmieal a|)proaelics to ihese probiems. 

CHANGES NEEDED 

IN 't’llK FOLLOWING I’AGES of this special Air He- 
seareli and Development Command editinn. llie 
editorial .staff of Aviation Week is presenting a 
uorumeiilarv report on how .ARDC molded its 
miii(ne mililary-industry-si-ienee partnership and 
the new policies llial guide llieir work. 

Among c hanges in basic |ioliey that are neees- 
sarv to aeliieve enduring success in the techno- 

• Long tenii fiseal and leelmieal planning poli- 
cies that are mme (lexible than ihc eiiricnt annual 
budgelary svslcm. 

■ Im-reaseil <'iii|iliusi.s on basic research and 
“stale of the art" advancements in particular 
seientifie fields related to aerial wea]ioii dcvclop- 

■.\ile<|uale |ilaniiiiig. Iimding ami ecmslruclion 
programs for developmenl and lest facilities that 
will be required for future Ic'elmology and would 
lie far loo cosily for private imluslrial financing. 

• liii'reasf in tin* pereeiilagc of its resourees 
llial private imliisliy devotes to basic researeli 
and develo[)m<’iil ai livily. 

• liierea.sed cnipliasis on tcelinieal educalimi of 
.American \ oiilli. 

.Aeliieving siieecss in llu- leeliiuilogieal race is 
a vilal coiiceni of every .American citizen. The 
iiilure of one uounliy depcmls on it. 

— Koberl Ilolz 
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Progress Proves ARDC’s Mission Vital 


riic U. S. Air force is riding Hic crest of a techiiologica! development 
surge tliat liegaii with nuclear fission and airborne gas turbine power and shows 
no signs of abating. To speed tlie pace of this surge and to shape its character 
to the requirements of airpowet, USAF fi\ e years ago created the Ait Research 
and l^evclopment Command— a technical management tool mhc|ue in mili- 
lars liistorr-. 


ARDC's job is to insure (|iialit.itivc 
snperiiintv of USAi 's new we:ipciiis and 
(o provide the neeessar) link between 
milihm requirements and the vast sci- 
ence-indibtr\ eoniples of wlueh USA!’’ 
must lelv to diseover. deselop and pro- 
diiee its weapons for the future. 

•\fter five sears of growing pains and 
constant iinproseinent of its managerial 
teehnkjiies .\RIXi todas is a cohesis-e 
orgiinwation tlial has integrated and t\- 
panded all of US.M 's nnec scattered 
research, destlnpinent and test facilities 
and operates aeeniding to well-defined 
plans and principles. 

Cnimiianded h\ l.t. Cen. I'lioin.is S 
I’nwer. ,\ROC now has its iieadquarters 
in downtown Ualtiinore but is sehed- 
nled to muse evenliialK to .\mlrcws 
Al'H. Md. on lilt imfskirts of Wasli- 
ington. )'>. C. field operations are e\- 
tented tinongh II eenteis equipped 
with ?>2i billion worth of research, de- 
velopment and test faciliHes that arc 
used both bs US.\k and its industrial 


and scientific eontraetors 

".\RDC.s liasit philosophy is to func- 
tion as a inanaget and monitor of the 
Air I'orcc research .ind develo|)nient 
program and to reh on imisersities, sci- 
entific laboiatories ami i»isale indnstiy 
to do the bulk of the job," Cen. Power 

told l.\ I ION W 1.1. K, 

"We do onh eniiiigli leseareli and 
development work in .VROC kihor.ito- 
ries and eenters to maintain a feelmieal 
eonipetents in onr required fields and 
to tackle )irobleins that .ire so sjiceial- 
i/ecl for US-\k leqnireiiienis lliai tliere 
is no iiiitside inleiest in liamlling 

binee its cirgani/atinn m naston five 
sears ago .\ROCs job lias grown luoa- 
coinple.s ami nnpoitant due primarily 
In the follim-ing factors 
• Increasing pace of teeliiiolugieal dc- 
selopnieiit. I’rogress in flit seieiitifie 
fielils related to aerial weapon develop- 
ment during the past 15 seats h.is been 
increasing in geometric progression. 


I'hc faster the progress, the greater the 
effort ret|iiired to maintain tlic pace 
and the gre.iter the opportunities of- 
fered for aehicring major seientifie 
breakthroughs. One top US.\I' rcscareli 
official told .\vi.MioN W i.i;k; ' \Ve are 
trying to make more progress in the 
ne\t five scars than in the first 50 ye.irs 
of powered flight." 

• Increasing technical eom|)lcxity of 
future aerial weapons. Dr. )olin s<m 
Neiimann, ehairnian of the Defense 
lOepartnient Hallistie Missile .\dvi.virs- 
Committee li.is [xiintcd out that the de- 
s'ehipment of either the intcreontinen- 
tal ballistic missile or the nuclear poss-- 
tiefl biiniher is infinitcls more complex 
tlian the doelo]mieiit problem insiilsed 
in getting the first ntoniie bomb. Vet 
HS.M' is fatkliiig both these problems, 
•dong with mans others of equal eom- 
plexits. ,ill at the same time. 

• liiereasing eoiiipetitioii tlic tcelmolog- 
ical race. Shorfts after AROC ss-.is or- 
gani/ed m .\pril, 1051 Sosiet jet ait- 
eralt burst into the Korean seat scene 
svith perfoinianee that astonished West- 
ern obscrsers. Since then the Sosiets 
hase denmiistnited a rapidly increasing 
teelimihigieal eajxibilitv to push ,i mod- 
ern acri.il weapon .ssstem devehipnient 
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program over the complete range of 
tspes from helicopters and transports 
to long-range turliiijct and tiirbo|)ro|> 
bombers and supersonic fighters. 
Soviet Airposver Stotus 

,\t the same time the Sosiet deselop- 
meiit of atomic and hydrogen-hmiib 
sseapons has exeeedal Western predit- 
tinns bs- a wide margin, 'llierc is little 
question among obscrsers wlio recently 
iiispeetcxl Soviet air force equipment 
in Russia that they are .still slightls be- 
hind \\ estern teehnieal dev elopment in 
aircr.nft, altluingli thev are prohahlv 
ahead in baliistie missiles. 

\or is there aiiv question among 
these iibservcrx tliat nntess the pace of 
US.M' deaehipments i.s accelerated and 
its scope exploded tlie Sosiets will lie 
pre'seiiied w ith an exeellcut npportunitv 
to equal or surpass Western aiqiiisser 
chirhig the next fise sears. .\RDC is in 
direct eoiiipetitioii ssitli the Sosiet 
atoiiiic-aiqiosser teehnieal desclopiiient 
program. 

.\RDC is gearing its operations to 
aehiese three prineipai goals for US,\I''; 

• lm|»rovc qiialilv rif future US.Al’ 
sseujxuis. I his is effort des ote'd to mak- 
ing big te'clmologieal jumps hs daring, 
iinaginatise rcse-.ireli prngninis aiming 
at major seientifie hreaklliroiighs. 

• Increase reliahilits of ssea|Kiiis th.it 
are reads to go into US.\l''s actise enm- 
bat inventors. ITiis effort is aimed at 
translating new eqnipinuit ssliiise feasi- 
bility has Ikco prosed bs rescareh re- 
sults and development work into stand- 
ard production-tspe |>r<JcUiets with ,i 
sufficientiv higli degree of pertoriiianee 
rciialiilits- to be trusted in routine nper- 
atinns. In tlie pist US.M' npcrathmal 
commands hase suffered lieavilv from 
unreliable coinpnneiits or siib-ss stems 
that put an entire sseaijoii ssstem out 

• Reduce tlie deselo|>mciit esclc for 
new USAF weapon ss stems. TTiis ef- 
fort is iiiincd at dra.stic.illy cutting the 
time required to tnmshite a new ss e-aixm 
sy.steni concept into reliable liardwarc 
ready for prodnetinn. 'I'liis prolileni in- 
volves -as mueli streamlining of admin- 
istratisc and csmimand procediire.s as it 
docs improsing technical faeilitie.s. 

New Policies 

I'o drive harder and faster toward 
ihc'se goals -SRDC lias dese-lopcd sev- 
eral basic new- policies during the pist 
sear. 'Iliesc include: 

• Closer partnersliip with iiidiistrv and 
science. .AIkDC |>olity clnmges liase 
been aimed at hnngiiig propcrlv quali- 
fied imkistriiil and scientific organiza- 
tion hifo USAI' texlmical phmning at 
the earliest pissiblc phase and keeping 
a steady flow of ])ertincnt information 
on ;\RbC and USAh' tc'chnical prob- 
lems and progress to uniscrsitics, private 


It. G«n. Donald L. Pvit, Deputy Chief 
of Staff for Research and Development, 
USAF . . . Military Director of the 
Scientific Advisory Board - . . born 
Sugarcreek, Ohio, 1905 . . . leorned to 
fly 1929 . . . engineering degrees from 
Carnegie Institute of Technology and 
California Institute of Technology , . . 
held engineering and intelligence posts 
with Air Materiel Command . . . served 
in Hq. USAF posts . . , ioined ARDC 
in Jonuory 1952 , . . served os vice 
commander, AROC, ond commonder, 
Wright Air Development Center . . . 
commanded AROC. July 1953 to April 
1954 . . . member Institute of Aero- 
nouticol Sciences, Notional Inventors 
Council. Notional Advisory Committee 
for Aeronoutics, Society of Naval Archi- 
tects. National Reseorch Council, Ma- 
rine Engineers, 


research groups and industrial nrganiza- 
tiuns. Details of this program imnlviiig 
release of US.AI' teehnieal phmning 
documents and seientifie si iiiposiums 
.sponsored bv ,\RDC are described in 
the Weapon Systems M-.niagemciit scc- 

• Increased eiiijiliiisis on expliinitoiy te- 
search. Before the creation of .\RDC 
and during its early history an over- 
whelming portion of US.U'”s rescareh 
and devciopnient effort was ciincen- 
trated on devehipment problems iif enir- 
reiit liardware and only a very small 
jxirtion was alhieated for cxitloratorv re- 
search. Ill its new philosophy of aiming 
for major .scientific hrcaktbroiigUs that 
make possible huge inipriivements in 
w e-.ipon SI stem qnalitv. ,VRDC now is 
|5laciiig heavy emphasi.s on fostering a 
broad exploratory research program iiti- 
li/iiig available resources in its own cen- 
ters, but rehing principally on civilian 
scientists working iiiuler .-XRDC con- 
tract both in the United States and hi 
l'airo]ic. 

I3ct;iils of the expande'd researcli pro- 
gram are described in tlic Kxplor.ntnry 
Hcst'.ircb Section. 

• I .ong-rauge plaiiiihig. It is obvious 
that proper direction nf a rescarcli and 
developnient program rc<|iiitcs long- 
range |>lanning in tlie 10- and 20-ycar 
brackets. 

-k I.oiig-R.inge I’himiing Section li.as 
been established in .\RDC lie.idqiiar- 
lers, headed by Col. J. W, Carjicnter 
III. and six technical committees cov- 
ering the following broad fields; 

• .Aircraft, beaded bv Brig. Gen. Howell 
Kstes. 

• Miwiles and sjwee vehicles, lieadcd 
bv Maj. Gen. D. N. Yates. 

• Electronics, he-aded bv Brig. Gen. 
Thomas I,. Bryan. 

• Acro-sciences, iiieliidiiig guidance, 
control, armaiiieiit, nuclear, bio-sciciiccs 
and liiiinan factors aud lieadcd by Maj, 
Gen. Edvvnrd P. Mecliliiig. 



• Propulsion, headed by Maj, Gen. 
Donald |. Keini, 

• Materials, Iie-adcd by Brig. Gen. Mar- 
vin C. Deinler. 

J'hcse long-nuigv planning teehnieal 
committees are .staffed by the tup iiiih- 
tarv and civilian cxjicrts in .\RDC in 
their respective fields. Tlieir job is to 
deteniiiiie the jimbable technical ad- 
vances in cvich field over a 10-20-yenr 
time s|iaii with each s|)eeific develop- 
ment time tagged as chiselv as possible 
ami then draw up an AlkDC opera- 
tional |3hm to |irovidc the necessary re- 
sources to foster these new technical 
aehicv emciits and turn them into useful 
US.\I' imeiitorv equipiiicnt. 

liacli of these eoiiimittees has been 
given six montbs to make its first report 
and most of tlieni arc scheduled to fall 
due next month. 

•At that time they will present dctailcti 
charts of )iotential and probable tech- 
nical jirogress over the next two genera- 
tions and what rcsmirecs in funds, iiiaii- 
povver. facilities and nniiulgement ,\RDC 
will need to Inmdie them properly. 
Functional Commanders 

.SRIOC headquarters is now or- 
ganized under three functional deputy 
commanders: 

• Research and Development— Brig. 

Gen, Marvin C. Denilcr holds tliis 
post and supervises the directorates of 
ciigiiicctiug, developnient and research. 
Primary concern of the groups oper;it- 
ing under Gcii. Demlcr is the US.AI' 
nf tomorrow. 1'heir work ranges from 
purely exploratory- research aimed at 
generating new concepts to technical 
(levchmment aimed at proving the 
feasibility of utilizing these new con- 
cepts in weaixm .systems development 
and developing actual performance de- 
sign criteria for new ty pc.s nf hardw are 
that can be applied in new systems. 

• M'capoii Systems— Maj. Gen. Albert 
Boyd is deputy commander in this field. 
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by liis groups at ARDC licad- 
c|iiartcrs and at tlic W’capoii Systans 
i'rnjcct Oflicts at W'riglit Air Daclop- 
nicnt Center concerns USAI' to(ia\- 
))t(ividiiig nc«' combat-rcad\' weapon 
sssteiiis ready to ]>c added to tlie actn e 
inventorv at siJccifit dates. 

• Resouiecs-6ri£. Gen. Knrt \I- l.an- 
don sii|Kn’i.scs tTie groups tliat arc re- 
sponsible for snpprirtiiig tlic main 
teclinical missions of ,\RDC b\- plan- 
ning and pros'idiug tbe major resources 
required sucli as iiianposser. special 
dcselopincnt and test facilities, special 
aircraft and financing programs. 

■SRHC also lias two special deputy 
commanders ulin organ i/ed special 
management strnetufcs pusbing liigli 
priority jirojccts at top speed. Tbes 
arc the (leputv commander for Ixillistie 
mi-ssilcs. Maj; Gen, 11. .\. Sebriever, 
wbo also commands the Western l^e- 
velopinent Division in a imit|ue nian- 
agement effort to speed ballistic missile 
derelopment, and tbe deputy eom- 
mandcr for nuclear .systems, llrie. Gen. 
Ralph WasscII. uho is s|5nrking a 
similar bigb prinritv development push 
for unclear ponereel aircraft. 

One of tlie most significant things 
in recent .\RDC liistorr has been tbe 
clear cut separation of its long-range fu- 
ture developments from those deuited 
to immediate iniprovemeiit of US.AI’ 
weapon systems, lliis has laid the foun- 
dation for aebieving major scientific 
Isreaktbroiiglis in a wide larieti' of prom- 
ising new fields and pushing state of tbe 
art elciclopment of nesv eomirnnents and 
sub .systenus witlnnit retarding entire 

Development Cycles 

It involves a basically- neiv ap|)roacb 
to weapon system development, l-'orin- 
erb, tbe dcrelopnient |)biloso])liv nas 
aimed at building a nc« tteaiion system 
from the giound iip-developiug nen- 
hardware for esen facet of the ss stem. 
(his slowed development of the new 
system tn tire pace of its sUmest and 
most complex component development 
and was a major factor in stretching out 
ihc development cy clc. 

•ARDC tan a study on the develop- 
ment cycle of all svca|n)ii svstenis used 
by US.AI' since the beginning of W'orld 
\Var II. compiring the contractor esti- 
mates of when a ness- wtajsem would he 
ready fear scrs icc ivitb the actual dates 

It was found that only one major 
equipment item had actually met its 
contractors delivers' estimate cluring this 
period, 

ARDC then analyzed tbe causes of 
the continual slipjaagc in the clevclo])- 
inent cycle of these we-apons and de- 
\ eloped new methods to avoid tlicin in 
the future. Biggest problem imobing 
a new weapon system ssas the use of 
equipment and sub-system dcvelop- 

78 



pletion. .ks the availability of these 
cle\elo)sments receded into tlie future, 
tbe entire svcapoii system conqiletion 
date slip|)ed w ith theni- 

•\ROC is now pursuing a pbilosupbv 
of gearing its we-.qson ssstem develop- 
ment only to components and sub-sys- 
tems that have been brought to a state 
of feasibility and reliabilih sufficient to 
give them a definite availability tiinc- 
tag. 

At the same time. ARDC is push- 
ing state of the art dev elopment of new 
eomponents and sub-si stems harder and 
ssitli a goal of taking bigger risks and 
biting off larger ebunks of technical 
jsrogress beemse of the freedom from 
time-tagged weapon systems, 'lliis t>lii- 
losophv is pushing state of tbe art dc- 
lelopiiient faster and will cventoalb 
prrnitle a better flow of achanced sub- 
sy.stenis and components that can be 
iranked into weapon system develop- 

High Risks, Big Gains 

This state of tbe art deielopmerrt is 
aimed at taking high risks tn achieve 
big teelmical gitins. bringing a wide 
lariety of programs along to the point 
wliere one or tsso indicate the technical 
gamble will pay off. These pay-off de- 
lelopments arc then brought to a state 
of reliability sufficient to qualify fur 
itse in weapon systems, l ire other de- 
uinpments are either abandoned rir 
kept going if they offer anv hope of 
future pay-off. In the past, there has 


been too much of a tendency to push 
slate of the art development too slowlv 
try ing to crank in reliabiliK' at the same 
time major technical progress was 

•\t the same time the high-risk, big 
pay-off |)hilosophy dominates state of 
the art development |srogr.iiiis. the high 
reliability factor dominates the weapon 
system development programs. .-Vnother 
major beadathe in ]xist we-.ipon ssstem 
development has been the high degree 
of nnrchahility of certain eomponents 
or sub-systems, mostiv avionics, even 
afte'r the sveapem was in jiroduction and 
has been dclisered to combat forces. 
By waiting until the component Or sub- 
system reliability factor has been 
achieved before making it available for 
use in time-tagged weapon systems, it is 
Imped to avoid this pitfall of the past. 
Pay-Off Promises 

.\mong the vital arca.s in which a 
strong |)nsh on state of the art devclo])- 
nieiit promises major pay-offs are; 

• Materials. Tlie high speed ranges of 
both piloted airenift and missiles make 
acrodsnamic Ue.iting a major problem 
and require development of new heat 
resistant materials Imtli extcrnalls for 
.lirenift structures and iiitcniaUy for 
rocket, turbojet and nuclear pnwer- 
lilants. 

• Propulsion. .Mthough the turbojet 
revolution hasn’t yet run its course, a 
wide variets of new pro]}ulsion meth- 
ods have alreads' appe-ared offering 
quantum jumps in improved perform- 
ance. These include ramjets, rtickets. 
nuclear posseqjkmts and new combina- 
tions of these tspes such as the mieleat 
reactor driv ing a gas turbine or the dual 
cycle ramjet-turbojet. Development of 
new high energy fuels that ma\ eventu- 
allv replace the conventional livdroear- 
hems i.s also a |)romising line of 
investigation that sliould be pushed 
hard. 

• Guidance. Revolutionary new tech- 
niques arc required both for offensive 
and defensiv e Iniig-range vve-apnns. lliis 
is one of the critical fields where de- 
pendence on guidance developments 
])itched too far in the future has criti- 
eallv dclaved dclivcrv of reliable new 
weapon sv stems to the combat iu- 

• Space. A whole new reservoir of basic 
scientific information in this area is 
needed in addition to the active de- 
velopment of exploratory liardvs-arc for 
manned and unmanned space s'chielcs 
and research tools. Utilization of solar 
energy is another field where a major 
breakthrough is possible. 

.Mthougli .\RuC has integrated and 
expanded all of the frarmer US.M' ic- 
seateli. development and test facilities 
into a team working together toward 
eoimncm goals, the p.ice of technologi- 
cal developnrent has been so f.ist that 
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dcsclopmeiit and construction of new 
facilities to do these jobs has beaime 
critical. Present legislative and bud- 
getary procedures on authorization and 
funding of new research, development 
.inti test facilities can't keep pace with 
actual needs. New protedurcs arc 
nrgentlv needed so tliat the results of 
ARDC' long-range planning groups can 
ho iniplcmentcd to proside these new 
type facilities at the time they vsill 
be needed. 

New Facilities 

Among the new type of facilities tluit 
technological progress now demands arc 
captive missile test devices including 
botli snpcrsoiiic sleds capable of full- 
•scale environmental missile testing and 
captive tests stands capable of fidl-scalc 
missile sv stem testing. Solar furnaces to 
|)roduee tlie high tempeTaturcs ncces- 
sarv for missile and aircraft component 
testing, sjsceial facilities for testing high 
enetgs- fuels, nuclear materials test re- 
actors. equipment required to ground 
test nuclear aircraft powerphmts and 
livpersonic test facilities are just some 
of the other major new facility jobs that 
ARDC is tackling in order to keep 
abreast of its development probiem.s. 

Another major |)rob!em facing 
ARDC in maintaining a technological 
pace sufficient to assure qualitative su- 
periority of IIS.AT' weapons is financing. 
I'lie US.Al'’ research and development 
program has been rolling along for the 
past three vears at alxiut a constant 
budget level despite some Ixicikkceping 
elianges tliat liave increased tlic amount 
now credited to the USAK Scries 600 
research and development account. 
These bookkeeping changc^ merely 
transferred maintenance and housekeep- 
ing funds required for research and de- 
velopment operations from scattered 
accounts to the Series 600 category. 
Tliis constant level research and de- 
velopment budget has heen imposed 
on US.AT by the Defense Department. 
Unfortunatelv the pace of scientific 
progress has not remained constant to 
mutch this budget level. Instead, it has 
been increasing by geometric propor- 
tions that have SO far outstripped this 
budgetary concept that the USAh' devel- 
opment effort is actually losing ground 
in its effort to maintain the superiority 

Budget Handicap 

The most serious effect of this .arti- 
ficial budget limitation on research and 
development effort is that it saddles 
US.M-' with a handicap in the interna- 
tional race with the Soviet competition 
which is operating with a blank cbeck 
in atoinic-airpowef research and devel- 
opment areas. It also prevents .ARDC 
and US.AK from ])usliing hard in the 
promising new areas where major scien- 
tific breakthroughs and wide margins 


Secretory of the Air Force far Research 
ond Development since februory of 
this yeor , . . Deputy for Requirements 
In that office. May 1955 to February 
, . , born Wrensholl. Minn., 1917 . . . 
oeronouticot engineering degree, Univer- 
sity of Minnesoto, 1940 . . . master of 
science degree, Princeton University, 
1947 . . . US4F pitot from 1940 to 
1949, leaving service os o colonel . . . 
holds Silver Star, Air Medal with four 
Oak Leaf clusters, Presidential Unit 
Citation . . . generol engineer and 
technicol director at ARDC's Air Force 
Flight Test Center, Edwards AFB, 
Colif.. from 1949 until 1955 . . . osso- 
dated with oeronoutical reseorch and 
development since 1944, 



cif tcchniral superiurity could be gained. 

Out major effort of ARDC to keep 
up the pace despite this artificial budget 
handicap is to encourage priiatc indus- 
try and rosearcli groups to exert more 
iiiitiatii'c and spend more of their own 
funds ill this effort. Some progtcs.s is 
being made as a result of .ARDC’s ef- 
fort to keep indiistri' and scientific 
groups- well informed un US.AF future 
goals and current progress. 

•ARDC also confines its construction 
program to the type of facility that is 
too expensive tn be financed bv prisate 
industry and will l>c required by a large 
number of industrial contractors to test 
the development hardware. 

Another problem area in which 
ARDC is showing better progress, is 
in development and retention of trained 
scientific pctsomiel. Of the sS.OOO 
people nosv in ARDC-this is 3i'c of 


the total US.AF manpower-about 

30.000 arc support personnel and only 

8.000 technicallv trained personnel. .As 
a result of Operation Bootstrap begun 
shorth- after World War II to provide 
scientific training to combat proved 
loinig US.AT' omcers, .ARDC now lias 
a good foundation of tecliniciaiis in 
uiiifonn but it has had to revise its 
personnel policies to hold them in the 
service in the face of luer.itiic offers 
from jirivate industry . 

.ARDC rteogniz.es that it faces a 
kaleidoscope of new organizational and 
nianagenieut problems in trying to ride 
the surging tide of the tedmologic.il 
revolution in atomic airpower. It 
recognizes that tradition will provide no 
solutions tn problems of the future and 
is working hard to retain its organiza- 
tional flexibilitv. fresh teclinical outlook 
and cnthiisiasin for its future tasks. ■ 
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ARDC Procures Scientific and Technical 


Baltimore, Md.— In the Air Research and Deselopmcnt Command, 
procurement means tlie buying of technical competence— the key factor in 
ARDC’s formula for producing qualitative snpcrioritv in USAF'.s men and 
machines. 

Contracts are ujitten for research and development work rather than 
hardware, and they are written against the capacities of people rather than 
the capacities of production lines. 

Like all good buyers, ARDC searches Headquarters, w hich also os-crsces other 
constantl)- for new sellers. 'Iliis se.irch phases of research and development 
is mic of the primars- jobs of the Dircc- contracting. It is headed by Col. L. W. 
toratc of Ptocincmcnt in Cnminand I'uiton. 


1’inding new sources is a didicolt 
task. When the coimnand was new it 
dress' hcas ilv on tlic experience of pro- 
ject engineers. But, like all shoppers, 
they tend to ssant to go back to the 
same store and purcliasc a brand that 
has sersed them svoll in the past. 

Wliilc tliis has adsantages, it also 
has its drass'backs: 

• The base for |>rocnrcincnt remains 
narrow. In iicss' srnirccs there may be 
new capabilities, a better quality of 
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Competence 

ssurk, or comparable ss'ork at a lower 
cost. Tile jjart of US.'U''s budget 
identified as icscareh and dcselopmcnt 
has not increased fast enough since 
WVirld ^\■a^ II to stas- aliead of in- 
dustry’s grosvtli in research and de- 
velopment capacity. 

The Ptoeiitcnieiit Direetorate oper- 
ates on the philosophs' tliat there al- 
svays is a producer around to fill its 
needs, but the ptotluetr must he found 
and his capability imestigated- 
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• ARDC cannot guarantee the many 
specialists it deals with a cmistaiit leiel 
of work. Consequentlv it sometimes 
finds itself going to a man whose work 
it knows and needs rmli to find that 
otliers Inive bought all his time. The 
problems tliat arise as technology 
progresses are not predictable, and it 
i.s not possililt to reserve a scientist’s 
time in adiaiice, .A specialist tends to 
get lost if lie is filed onh' in a project 
officer's mind and is not used for sev- 
eral \ cars bctaiise there is no work for 
him or lie was not aiaikible wlicn he 
svas needed. 


To meet tliis problem the Direc- 
torate is studving svays to iinprose 
ilie source files at ARDC centers and 
to maintain a coiiiprchcnsise, accurate, 
up-to-date master source file .it head- 
quarters-one which always would be 
open for additions. 

Finding New Sources 
Possible feed-ins for this file would 
be: 

• Contractors suggested by project 
officers and engineers— still a primary 
source of iufiirniatinn on who sell.? the 
best in research and development, since 

e$ 


• PROCUREMENT 

llicy ittt 'Uppcucd to keep jlirc-.iit of 
[Kclinital p^og^c^i in tlicir fields. 

• Contcacton emitacted tbrougli tlie 
mans ss mposia, wesipcni ss stems require- 
ment conferences and technie.d pl.in 
iihig progi.im meetings svliieh -\RDC 
has witli iiidostrs . 

• Contractors srlio come to hcsid- 
qu.irters or to an .VROC center sug- 
gesting or looking for areas ni nliieli 
they liase a capahilih that US-\1' 
needs. \\'right .\ir neselopment Cen- 
ter, for instance, inters ic'svs Is or 20 
contractors' rcpresentatiscs a dav wlio 
Ctnne to Das ton mi just such missions. 

• ContraetoTS is'ho ss'rite to lie.id- 
qiiarters or centers espioting the pos. 
sihilities of contraeting ssitli .\RI)C. 
I1ie conmiiind has a form question- 
naire and a list of US.M' s arc.is of 
scientific interest freprodneed on )>age 
3Ss) sshich inas' he obtained from the 
Contr.ictor Relations Olfiee at am cen- 
ter. from the Office of Indnstri.i! Re- 
lations in Baltimore, nr bs ssriting to 
Commander. ,\RDC Headquarters, Box 
ls9s, Baltimore s. "Mrl., Attention; 
RDSKM. 

• The Industrial Sources Brjiieh of 
the Directorate's I'acilities and Man- 
agement Disision. This hraneh ssais 
created ssitliin the past scar in an effort 
to find more .sources. 

Selling to ARDC 

rcsciirch and dcselopnient contrac- 
tor ssho ssants to do hiisiness ssitli 
•\RDC does hest to eontaet the center 
or centers engaged in the tspe of ssork 
he feels he can do. I'ess contr.icts arc 
isTitten at hc‘.idt|narters. 

Ilie contractor can s'isit or ssrite to 
hcadqii.irters for gencr.il information on 
areas of US.Vr interest or s[)eeifie iii- 
fonnation on ssliieh centers do what, 
blit csentiuills lie nnist deal isitli the 
center itself. 

The qn.iliti of the work ssliieh 
,\RI)C buss iimst of cosirse be weighed 
against its cost and the amount of time 
requited to aceoniplisli it. 

So that ,\RDC can knoss' sshat it is 
likcls to get ss heii it goes back a second 
or a third time, the Direetorato is ex- 
ploring methods of keeping experience 
records— boss svell a ecmtr.ietor did be- 
fore, sshat ss'eiit ssrong if ;im thing did. 
ss'liether that is likels' to happen .igain. 
sshat iiiiprosemeiits in the cimtr.ictor's 
capabilities base been made since the 
last time he ssas dealt ss ifh. sslierc the 
ptojile ;ire nosv ssho base done ,su]>erinr 
ssork in the past- I. ike the source file, 
this file ssnnld scrsc only as ,i guideline 
to future proenremeiit and not as an 
exclusive list. 

The CoiiiniaiHl and the Directorate 
gisc gre.it consideration to a eonfrac- 
tor's proposed appro, leli to j tcehnie.il 
problem. Competition among research 
and desclupineiit contr.ietors in fact is 
one of apptoiich and .ipparcnt technical 


coiiipeteiiee— since the product that 
.\RDC buys is neser visible until the 
contr.ict is completed. 

-\RDC's primary ciid-priidnct is a 
jpecificjtioii. ssritteii so that USAl' 
kiuisis it is pioenring aircraft or mis- 
siles or tr.iining men. isitli tlie ojitinuiin 
amount of qii.ilits. 

Beneath these specific, itiiais iiiiist he 
a solid foundation not mils of finding 
the riglit source' for liigh-qn.ilits ic- 
sc.irch and deselopnient ssork. hut of 
negotiating and administering coii- 

Procurement Cycle 

.kll sers'iee priicnrement stems from 
ihiblie I.ass -113, which gises the Sec- 
retaries autliorits to bus. The part of 
this autluirits affecting .\RDC is rc- 
clelegated dossii through ;iii :issisl.mt 
secretari. the chief of staff, liis deputy 
for materiel, and seseral lesels of the 
.kir Materiel Coininand. 

,\ll research and clcsclopnient exm- 
traets abuse SZiO.IlllO, hosvever, arc 
subject to resicsv bs the Procurement 
Rcsiesv Committee at .\MC. ,\RDC 

ill turn delegates to its ceiiteis the 
autluirits to do all "local purchase" 
contracting (honsekeepiiig sets ices, emi- 
stmctioii. ete.l and to suite resi-arch 
and deselopnient eonlr.iet'. I he I’rn 
enrement Directorate resicsss all local 
purchase contr.icts user Sill, 01)0. and 
those iihose SIOO.OOO also must go on 
to .\MC for tcriess and apprnsal. 

Ihe centers, in their liirn, aviesv 
their osvn cxnitriet officers on eoiifracts 
from SsO.lKin np liefore forsvardiiig 
them to the Director.itc. Ihis is done 
through base resicss' eoimnittees. re- 
pl.ieiiig the old eomplianee clis'isions. 

ARDC s|)cnds from S"3(l to fiSOO 
million on research .md development 
ciiiitnicts a sear. In the past se.ir 
.\RDC has signed some 3.900 new con- 
Ir.tets- It has an aserage of -1.000 to 
4, 200 on hand and aetise at .my one 

In a fiscal year. 50 per cent frei>rc- 
sontiiig sonic 20 per cent of the total 
dollar Millie) of the 5,900 euiitr.icts are 
placed ss ith non-profit and iiot-for-|)rnfit 
leseareh orgaisi/ations. 'Ihe hiilanec is 
pl.ieed ss itli industrial firms. 

Types of Contracts 

Non-profit organ i/a tions ordinarily 
get cost reimhnrscinent contr.icts, ss itli 
no fee iiivolscd. N'ot-for-profit groups 
(R.\N'D. Iiie.. .\riuonr Research Insti- 
tute. etC-1. sshich pas no disidcuds, 
usnalls teccis e cost reimbursement pins 
a nominal fee. The fee is iinested in 
the iiistitnticm, iiidirectls heiicfitting 
USAl'. 

Commercial lug.ini/.itioiis rcccisc 
some form of cost reinihnrsemeiit plus 
fixed fee contract (svifh the fee stated 
in dollars, not petcciitagel or one of 
tsso tspes of fixed price contr.icts. 


Once .1 US.U' progriiin ha.s been 
funded and the inonev for it is in 
.\RDC's hands. |)roject officers ate ad- 
vised. I lies initiate I’sirehasc Requests 
,iiid recinnmend sonrccs for the ssork. 
'1 lie coinptrolkT appros'cs the request 
as being svithin the financial plan, and 
the request is then consideted initiated. 

It goes next to proemeinent. sshere 
the project officer's source list is 
cheeked against the larger source tile 
and the mimber of smire'cs to he asked 
tor ]5rojx)sais is detemiincd. It saries 
from one to >0 or more. 

Ihis is the point at sshich the con- 
tractor enters the picture. He is sent 
a statement of tlie svork to he done and 
asked to snlnnit a proposal as to how 
and for liosv niiicli lie ssonid do tlie job. 

I’riqyisals come hack in a ratio of S 
to 12 for 50 retpiests. They go then to 
tlie tceimic.il project office originating 
lltc request— hnt ssitiiont am mention 
of the prices qiiotccl, to insure that 
thes svill lie es'iilnated mils ssitli regard 
to tlie teehniciil salne. It will he rated 
\’etv Satisfactory. Satisfactory, or Not 
.\cee|)table. 

Next a contract olfieer coni|3ares the 
teeliirical rating with a cost rating. If 
file cost is wav out of line, the coiitraet 
officer discusses the proposal with a 
project officer to decide if it is ssorth 
liS.kl 's isliile to pav a premium for the 

This is a question of jnclgment, 
one of the mans’ tliat leave |3rocsire- 
inent ]>crsonnel open to criticism ssitli 
US.M’’, Congress and the public looking 
oser their slimilders. 

1 he eoiitr.ict tifficer next negotiates 
ssith the source selected, and tlic pro- 
ject is iiiiderwas’. 

Managing Contracts 

Mana|cmcnt of tlie contr.icf can Ijc 
as difficiilt if not more so than negotiat- 
ing it. .\ project officer res icss s progress 
re])rirts periodicalls . decidisig csicli time 
sslietlier tlie contnict .slunild he con- 
tinned. if the direction of the ssork 
should lie clumged. if .\RDC should 
eoiitimie the contract or terininatc it. 

Schedules for completion of tlie ss ork 
in a rcse.irch and development contr.ict 
;ihiuist always arc cstimiitcs. at best, 
and not infrequeiitK thev turn out to 
has’c been luire.ilistic. 

When a project suddenly needs an 
extra funding of scscral million dollars 
hec.inse it ssas calculated uiirealisticalls 
to Ixigin ssitli. not monitored c.ircfiills 
cuon^i. or hecausc a hreaktlirough mas 
aijijciir to ss’iirrant tlie increase, a de- 
cision must he made i|irickls . If the 
decision is to put more money into the 
contr.ict, other contracts— existing and 
fntnre-must suffer. 

Contracts h.ise run oscr bs as imicli 
as S2(l to $25 million— e'liongli to affei’l 
other tcsearcli and ckveloiinicnt svork 
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Planning and Management Revolutions Speed Development 
WAOC's Technical Know-How Supports Weapon Systems 


• WEAPON SYSTEMS MANAGEMENT 


Industry Role in New Weapons Increased 


By Claude Wilzc 

In the past year, the Air Research and Development Command has 
effected a revolution in its nsc ot planning and management skills in an 
attempt to shorten the development cycle for new weapons. It is monitoring 
industry’s effort with the goal of getting the maximum return from Amer- 
ica's inventory of talent and facilities. 

Emphasis on pbnning and management has been introduced at a 
time when the aircraft industry is faced with an engineer famine and the 
menace of Russian technology is growing bv leaps and bounds. 

ARDC is leasing responsibility for the design, development and pro- 
duction of better hardware in the hands of the contractors. 


As a fundamental, however, it has 
recognized USAF's obligation to ease 
industry's task in the crucial field where 
new ideas are needed to meet the chal- 
lenge of tlic day. Since tlie start of 
1956. ARDC has taken contractors into 
its confidence to such a degree that a 
manufacturer of certified capability and 
integrity would have to be laggard not 
to be looking ahead and preparing for 
the weapons of tomorrow. 

Gen. Power's Approach 

One direct result of the May. 1955, 
Moscow air show, w'herc the Reds un- 
veiled some amazing and threatening 
new aircraft, was the establisliment last 
autumn of a new ,^RDC Deputy Com- 
mander for ^\'cilpoll Systems. The job 
is filled by Maj. Gen. Albert Boyd, 
former commander of both Wright Air 
Derclopinent Center and the Flight 
Test Center at Edwards AFB, Calif. 

In creating a new deputv, ARDC's 
Commander, Lt. Gen. Thomas S. 
Power, took a vital step toward achiev- 
ing what he calls "big jumps” in the 
advance of weapons teeiinology. Like 
the Air Materiel Command, ARDC 
recognizes that USAF lacks the facilities 
and talent to achieve these jumps alone. 


Tlirough proper planning and man- 
agement it intends to help industry 
provide these and use them at peak 
efficiency. At no time in history has 
tliere been closer co-operation between 
industry and government, with the 
former holding so much crucial responsi- 
bility. 

At the same time, US.AF today is 
taking a necessarily tough attitude as a 
customer. Industry’s performance in 
utilizing its facilities and talents is the 
key factor in competition. If past com- 
plaints that industry was shouldered 
with responsibility but hampered by 
ignorance of long-range USAF needs, 
by the state of the de\-elopment art and 
by inability to get a decision out of a 
complex uniformed bureaucracy were 
justified, these grumblings now should 
die. 

Systems Management's Role 

Gen. Boyd is the top man in the 
weii|)on systems effort so far as manage- 
ment is concerned, while .ARDC holds 
executive responsibility for any par- 
ticular project. 

In the task of establishing the Com- 
mand's planning and management poli- 



Mvj. Gen. Albert Beyd, Deputy Com- 
mander tor Weapon Systems. ARDC 
. . . former commander, Wright Air 
Devetopment Center and Air Force 
Flight Test Center , . . veteran USAF 
test pilot ... one of the first USAF 
pilots to fly foster thon sound in the 
Bell X-1 . . , born Ronkin, Tenn., 1906, 
grew up in Asheville, N. C. . . . learned 
to fly ot Kelly Field, 1929 . , . held 
engineering jobs in Air Service Com- 
mand . . . went to Furope os Deputy 
Commander 6th Air Force Service Com- 
mand, supporting Gen. Jimmy Doo- 
little's 8th Air Force combot units . . . 
returned to U. S. os chief of Flight Test 
Division, Air Materiel Command, at 
Wright Field . . . holds Distinguished 
Flying Cross. 


cies for specific types of hardware, Gen. 
Bosd has three assistants; 

• ting. Gen. Don R. Ostrander on 
guided missiles. 

• Brig, Gen, Ivan L, Farman on elec- 
tronic supporting systems. 

• Col. Nlclviu F, McNiekle on aircraft 
systems. 

High prioritvgiscn to development of 
USAF's nuclear-powered aircraft is re- 
flected in a special Directorate for 
Nuclear Systems. Headed by Brig. Gen. 
Ralph L. Wasseli, this office in effect 
is tlie liigliest rated Weapon System 
Project Office. Charged first with man- 
agement of Weapon System 125A, it 
also will guide dc\elopment of other 
nuclear powered aircraft systems to in- 
sure "technical and operational excel- 
lence" throughout their sersice life, 

Gen. Boyd’s alter ego in his vital re- 
lationship with industry, the using com- 
mands and US.AF Headquarters is Brig. 
Gen. Howell M. Estes, Jr., the Director 
nt Systems ManMcmciit. 

Gen, Estes’ office is at Wright-Patter- 
son .AFB, outside Dayton, Ohio, but it 
is a component of ARDC’s headquarters 
in Baltimore. Dayton was chosen to 
put Gen. Estes’ staff right next door to 
the Weapon System Project Offices 
(AVSPOs) in Dayton, and probably is 
the most important factor in speeding 
decisions for industry engineers, once 
n project is under way. 

In the history of a new weapon sys- 
tem, however, there is another office— 
this one in Baltimore— that plays an 
earlier and farsighted role. 

Secrets Shared With Industry 

It is Gen. Boyd’s Directorate of Sys- 
tems Plans, headed until \ety recenth' 
hy Col. Ernest N- Ljunggren. New chief 
is' Col. Augustin M. Prentiss, Jr. It is 
here that one of the major revolutions 
ill USAF-industiy relations has taken 
place in the last ciglit months. 

The revolution is simple. Within the 
framework of existing security regula- 
tions, the Directorate has found it pos- 
sible to let industry in on what used to 
be ARDC secrets. 

It is releasing System Requirements 
to qualified contractors, encouraging 
them to start voluntary studies, to in- 
vest their own monev in the search for 
information that will help ARDC de- 
cide which way it is going. 

It is no secret that the program is a 
selfish one from USAF’s viewpoint. A 
year ago. Trevor Gardner, then Assist- 
ant Secretary of the Ait Force for Re- 
search and Development, protested 
loudly against what he considered the 
reluctance of the aircraft industry to 
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iiiscst some of its profits in develop- 
ment- niere was some effort, lie ac- 
kniiwlcdgcd. but not on the scale lie 
felt the size of the industry and its dc- 
pcndeiicc un US.AF contr.icfs jnstified. 
No Mere 'Paper Curtain' 

Col Ljunggren approached the situii- 
tiim from a different but eqiiallv prac- 
tical point of slew. Until this yc.it. 
lie pointed out. there existed a sort of 
“paper curtain" between the .Ait I'’orcc 
and the major facilities and talent on 
uliich it depends. 

"It ivas something appro.icliing the 
cliiekai and the egg situation." he said. 
"A muniifactiircr needed a eoiitract to 
get information and lie needed iiifonna- 
tion in order to get a eimtraef, Tliis 
resulted in too many stalemates. 

"It also resulted in the waste of a 
gre-at deal of laluablc time and engi- 
neering talenit, devoted to studies that 
the Air Force did not want." 

Col. Ljunggren cited the ease of one 


eonipanv wliicli was forced to resort to 
the old s|jy si stcin. This |)ro\ idcd scat- 
tered pieces of iiiaecur.ite iiifumiation 
mixed with hearsay. The company put 
great effort into a design study and 
tame 11 )) with snmetliiiig that xv.is three 
years out of date. Its informatiim was 
no good; it was not auare of the state 
of the art. 

’Ilie f.uilt was US.AF's because of its 
strict intcrpretiititm of the "need to 
know" .shibboleth that has giii'erncd the 
distribution of knou ledgc. 

'Open Door' Policy 

It is well kniiwii that USAF just a 
ye-ar ago eliminated preliminary design 
studies as a waste of engineering man- 
power that stretched instead of coin- 
pressing the deielopineut cvele. Rather 
than pai' a dozen firms to ciim|)C'tc with 
each other in the priidiictioii of Ss mil- 
lion worth of pajict. the .Air Forev now 
gises Phase I contracts to two or three 
firms which it lias determined to luwt 


a capability in the area of interest. 

'I'liis, too, is related closely to 
■ARDC's release of System Require- 
nients to industry. I'■nil knowledge of 
the requirements— an "open door” al- 
lowing the )>otenfial contractor to go 
ahead on the liasis of authentic infor- 
mation— is the only thing that makes 
Pha.se 1 work practical without a pre- 
liminary design study. 

ARDC says it is releasing System 

• Give contractors adequate guidance 
in their preliminary work on product 
design. 1 ICW de.sign and imiosations. 

• Conscnc national engineering ca- 
pacity by clianncling it along lines 
svliieh promise the best payoff to US.AF, 
and by providing a focal point for de- 
tails on «liat is desired, to present mis- 
directed effort. 

• Encourage independent research and 
development uork on the part of the 
con tractors. 

• Shorten the development cycle by get- 
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ting the contr.ictor interested as early 
as possible. 

• Initiate and stimulate new ideas as 
well as iiittcasing operational capability 
sigiiiScantly, 

Transfer of Information 

It also is important to ha\c an adc- 
ejuate transfer center to juss informa- 
tion on future concepts from US.\I’ 
to indiistrc'. Data from openitional 
units has to be translated, or inter- 
preted, so it can be understood by texh- 
nical people. 

The System Rcqiiircnicnt attempts 
tn explain what the Air I'orcc wants 
to know. It calls for a studv tli.it will 
produce information, and sometimes a 
relatively s|3cxifie design, nierc ate 
eases where all that is needed from in- 
dustry is data that «ill help US,\F 
decide nliat approach should he taken. 
Ill all cases, the rcqiiireincnt tries to 
make it clear why US.\F wants the 

Further, the Directorate of Svstems 
Plans can insure that industry knows 
fully sshat US.M’’ headquarters wants. 
This is ini|jottaiit because there are 
eases where c\cn the using cnmimind. 
such as S.\C. TAG or ADC. docs not 
knoM’ what modifications have licen 
made on the original Qualitative OiJCr- 
atiimal Requirement. 'Hie Raltimote 
office has an obligation to give indns- 
trv the balanced stors' and keep it up 
to date. When a contractor finds a 
conflict, he can get the right answer 
from a single sourcc- 
Teehnical Race With Russia 

Gen. Posier tics the new policy di- 
TCCtlv to the technological race with 

lie told indn.itry at the outset that 
it is essential to intensify the team 
effort. 


"Industry in general.'" he said, “has 
indicated a willingness to e>x|5eiul ef- 
fort toward defining possible solutions 
tn .\ir h’orcc problems. It i.s the intent 
of the program to identify areas for 
study whicli will significantly improve 
our operational capabilits, thus per- 
mitting coutraetors to ehaimc'l engi- 
neering efforts into the most profitable 
fields.” 

Procedure for Controctors 

Procedure for obtaining copies of 
System Requirements is simple. 

'Die contractor's vice-president for 
engineering or Iris cqnisiilent is imited 
to I’isit .ARDC hcaclqnartcts for a re- 
view of all potential future wca])on sys- 

A conference ni.iy be attaiiged by 
writing to the Program Plans and Poli- 
cies Office of the Directorate of Si’s- 
tems Plans {RD'/PPi at ARDC Ile-.id- 
qiiartcrs in Biiltiniotc, 

lliis office ttinnot distribute the Sys- 
tem Requirements indiseriininately. Sc- 
euritv regulations ghe the ■'need to 
know” as u standard iiiulcr which such 
secrets can he shared. "N'ced to know” 
is defined by ,\RDC as integrity, plus 
a capbility to |3artitipafe in the re- 
search and dcselopmcnt effort. 

Naturally, tlie Director of Systems 
Plans must be convinced of this capa- 
bility. 

He will determine it on the basis 
of compani intere.st. faeilitie-s and 
|3crsonncl. Past ijcrfonnancc is im- 
portant. hut not the oiils factor in- 

Contraefor Picks Work Area 

At the first conference an effort is 
made to hold down the size of tlic 

f roup. nsnally to three or four men. 

lost essential is that tlic group in- 
clude someone familiar with the com- 


jianv workloads, who can discuss com- 

.■\RDC first presents a general pic- 
ture of all stud; requirements by inis- 

l iic contractor then selects the spe- 
cific area in wliicli lie thinks he can 
make flic greatest contribution. He 
must verify that he has the tcehniwl 
capability and that personnel arc asail- 
ahlc for the job. 

At this point some company repre- 
sentatiscs face temptations like those 
of a boy at tlic candy counter, but tliev 
arc forced to limit themselves lo the 
two or three areas where they bas e the 
greatest capability. 

Separate meetings arc set up at which 
the contractor’s |Jrc!iininary design 
grou]) can confer with experts from 
the appro|>riatC division of the Direc- 
torate of Systems Plans. At this session 
the eontnietor is given complete data 
and the system requirement. 

Origin of Requirement 

'Hie System Rcxiuiremciit grows out 
of such standard US.\h' diicinncnfs as 
the Development Planning Objective 
(DP(!)). Qualitative Operational Re- 
quirement (QOR), General Operational 
Requirement (GORl. other studies or 
tcebiiologie.i! adiances and general 
HS.M'’ intelligence. 

'I'liese .sources cover such key fields 
as strategic, air defense, reconnaissance, 
tactical, logistic and electronic support- 

It’ is important that the System 
Requirement provide the contractor 
with the key to all rcleiant ,\RDG 
centers. Possession of the dnemnent 
entitles his engineers to visit appro- 
priate centers in search of further in- 
fiirniation. On-the-spot con.snltation 
with experts frcqncntli' speeds industri’ 
results. 

.\s for the contractor's obligation, 
he niiist; 

• Sign an agreement to s;ifeguard classi- 
fiexl documents and maintain security 
exmtrols, 

• Kcluni the documents on demand 
from ARDC. 

• .\ckiiowledgc that the documents arc 
nut a request for a proposal, or a com- 
mitment bi' the giwcrnnicnt that can 
ire used as the basis for a financial cLiiin- 

On its side of tlie bargain, .\RDC 
accepts obligations to: 

• Maintain a master control of study 
effort by mission areas and prcicnt 
iinwarwiited studies, prcicnt oierload- 
ing of contractors and insure jirnpcr 
coverage of all areas, 

• .Safeguard i>rO]>rictary infoniiation. 
US.\I' will not agrex- tluit a deielop- 
inent is of a pro|)rietari nature before 
evaluation, but it promises to rccog- 
ni/c bona fide rights when the; appear. 

• Pros ide contimiod giiidancc and clari- 
fication wlicn the eoiitractor needs it, 
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55-24 Flight Control 
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55-27 Human Engineering 
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55-32 Motoorolegy 

55-33 Missile Guidance 

55-34 Munitions Handling Equipment 

55-35 Novigotlen 
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55-38 General Purpose Infermotlon 
Collection 
55-39 Propulsion 
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55-41 Search and Rescue 
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ticol Control 

55-43 Strategic Bombing 
55-44 Tactical Bombing 
55-45 Terrestrial Sciences 
55-46 Toxic Chemicol Munitions 
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keeiJ liiin iiifonncd of tliangts in re- 
Quiremciits, rciicw bis efforts during 
the study and guarantee that all con- 
tractors get equal treatment. 

As a general rule, the study will be 
conducted with the contractor's owai 
nionei, although some System Require- 
ments call for funded studies. These 
arc augmented with a purchase request 
and work statement. 

In the more common ease of volun- 
tary studies, there is a ''Statement of 
Desired Work" that is less stem than 
a formal contract, ft includes the work 
desired, probable USAF action dates, 
suggested reporting forms and pro- 
cedures'. 

Proprietary Data 

To submit results, the contractors 
usually will bo asked to split his report 


into two segments. The first will in- 
clude general infotination, written for 
wide distribution to other companies or 
gmemmciit agencies. The second 
should include the company’s inter- 
pretation of the first scsnicnt. It will 
contain proprietary information and 
will be treated as such. 

Another document given to the con- 
tractor at the outset is a “Teclinical 
Hrief," lliis is a resume of the work 
known to base been done in the field— 
a report on the state of the art and 
the agencies engaged in work germane 
to the problem. 

An example cited by -ARDC is a pro- 
posed studv for an air-to-siirfacc rocket. 
Tlic Techniw! Brief in this case would 
tell wliv existing rockets arc net satis- 
factor;-, what guidance systems exist or 
are under development and what is 


known about propulsion systems tliat 
could be applicable. 

For obiious reasons, it is impossible 
to discuss the program at this time in 
terms of any specific weapon system, 
mission, area of technological interest, 
or contractor, 
industry Responds 

In about six months ARDG's Direc- 
torate of S'stcms Plans lias rounded 
up 95 industry working groups repre- 
senting inort than 30 contractors out 
of 91 will) were limited to attend the 
initial briefings on 54 .separate studies, 
llie average contractor from the 30 
alreadi has three studies under way. At 
least line contractor has 13 projects, 
llicrc base been some concrete re- 
sults from a trial exercise inaugurated 
a few months before first mass invita- 
tions were issued. In this run. six con- 
tractors undertook studies. Two 
dropped out quickly because they were 
miahle to cam' the work load. 'Hie 
others liai’c completed their studies 
and submitted data which ARDG al- 
rcadi has put to work. 

Col. Ljunggreii e.stimatcd the iiiluc 
of their contribution at more than SI 
million. 

Looking at these products and con- 
templating what will conic out of the 
93 studies now under way. the Direc- 
torate has become cominced that the 
release of Sistein Requirements helps 
industry as much as the Ait Force. 
Long-Range Benefit 
Bet-dusc the studies help orient 
ARDC toward a finii GOR on a new 
weapon svstcin, the contractor who 
contributes eaniiot escape attention 
when early liistor;- of the jirojcct is 
considered, the Directorate points out. 
For this reason, the coininand feels 
tliat a good job at this early stage 
contributes lieavih to a later dcci.siim 
by AMC--\RDC's Sontcc Sdectio 
Board tliat will help determine which 
fimi.s are chosen for Phase I contracts. 

‘'Here we knock down the trees 
and prepare the field for planting bi’ 
Systems Management." one ARDC of- 
ficer said. 

He feels that if iudnstri’ grabs suit- 
able opportunities when they arc of- 
fered by lieadqiuirters it will help in- 
sure consideration of the most com- 
petent teams when the time attii’cs to 
select contractors for prime and snb- 
ss'steni consideration. Possibly the most 
important contribution of this rou- 
tine is what it docs to shorten the de- 
lelopinent cycle. 

'liic secret is that the System Re- 
qnirenicnts study program should im- 
prove indiistrs’s capability before tlic 
final weapon system requirement be- 
comes urgent, rcclinical knowledge, 
placed on tlic sliclf as it sometimes will 
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he, «ill sliortcn llic engineering lejirn- 
ing cuno wlicii tlie project gets liot. 
'Hie same holds true for USXl''; witli 
better niaterial upon wliieli to base 
decisions, the decisions sliould conic 
more quickly and liavc more merit. 
Managing a System 

Making many of tlicse key decisions 
is up to Gen. Estes’ Directorate of 
St'Stcins Management at Dayton, wliicli 
has responsibilit)' tot prc|>iiring detailed 
System Development Plans. Tlie di- 
rectorate also must implement tlicm, 
monitor contracts and provide liaison 
with Air Materiel Command, the using 
agency and ARDC centers. 

This office, according to Gcii. Hoyd's 
mission statement, must “insure tech- 
nical and oi>enitional e.vcdlencc 
tlmiugliout the service life of the «ca- 

“On ail assigned systems and proj- 
ects. tliis directorate is the focal point 
for both industry and tlie .\it l''orcc 
where co-ordination is effected and 
wliere niutiwl problems arc resolved.’’ 

T he gatessav to management for all 
parties concerned, and the key jinint 
for iiidustrs's contact, is tlie \\'eapoii 
System Project Office. (WSPO). There 
is one for cverv ss stem and it is inidcr 
.\RDC’s executive responsibilib" during 
the development stage. Later, when 
.\MC rakes over and prociircmeut of 
inventory liardss'are proceeds on the as- 
.siiniptimi tliat technical and o|x;r<itiona1 
excellence is within reach, that enm- 
niand provides executive responsibilitv 
for WSPO. 

ARDC never loses contact with the 

It alwavs has a functional responsi- 
hilitv-onc that operates in high gear 
wlien a "fix” or modification is neccs- 
sarj— and serves only as a technological 
inniiitor as long as the weapon system 
n]icr.ites u|i to standard. 


Some of the missions of the Di- 
rectorate of Sy.stciiis Management are 

• Co-ordinate its System Development 
Plans with intcmal .\RDC centers and 
major air commands. (T’liis does not 
mclnde headquarters US.M'.) 

• Establish W'SPO's in coiijimetion 
with AMC. 

• Prepare work slalcnienls and jiurcliasc 
requests, expedite the awarding of dc- 
icrojiinent contracts and then nuiiiitor 
them. 

• Rstablisli and maintain a reporting 
system that will uncover hotttciieeks 
and help insure that development of 
sub-systems and su|iporfing systems, 
jiroceed according to a timetable that 
will ill turn prevent dclavs due to lags 

• Supply .AMC with enghiccting ap- 
I’riival on ail systems during develop- 
ment .md oil eliaiiges during produe- 

• Handle proeiireinent schcdnling. 
maintenanee aiul storage of all experi- 
mental Covcrmiieiit Eurnislicd I'iquip- 
mciit (CL'K), Contractor l''uniisbcd 
lvqui|)ment (Cf'E) and sjxire jxirts for 
systems under devclo|inieiit. ’I’hcre is 
an equipment and handbook office for 
Ibis job. 

• Monitor conection of those Uiisitis- 
factim- Report projects wliieli affect 
the pcrfornianct, mission and/or dc- 
veTo|iiiieiit and production scbedulcs 
of vveapim systeins- 

'Big Jumps' Mean Risk 

.\side fnim the urgent necessity to 
cut time from the development eycTt, 
there is one other simple fact lichiiid 
eentmli/ation of these key jiihs-that 
the "big jumps” in development de- 
manded bv Gen. Power alinost iiivar- 
iablv involve big risk. 

If probablv is signific-.mt that 
ARlX's reorganiie.iHmi, with forma- 


tion of directorates of plans and sys- 
tems management under Gen. Boyd, 
took place last year shortly before 
Trevor Gardner resigned liis Pentagon 

As -Assistant Secretary in charge of 
US.Al'’s research and development, one 
of Gardner's main frustrations was the 
inability to get reasonably quick de- 
cisions in matters involving big jumps 
-and big risks. 

•ARDC clcarlv lias recognized the 
problem and realizes that sound man- 
agement and teehiiiilogieal advice nui.vt 
precede action. -At tlie same time, tlicsc 
raw materials art best provided from 
the shelf— with sufficient backlog and 
proper organization fast and more ac- 
curate decisions can be reached. 
'Fixing' a System 

In the Directorate of Systems Maii- 
.igement, this idea goes bevond develop- 
ment of new vvcapini systems and finds 
ap|jlicati(iii in tlie equally imporfimt 
activity that surrounds a "fix.” Wlicii 
a bug develops in an aircraft, missile 
or supporting system, monev is being 
silent at a fast cli|i. vvTiilc tlie trouble 
is analvzed and a decision made on 
the cnrrection. 

Succcssful dav-by-day relationship bc- 
^v•cen the WSPO and industry and the 
using eoimnancl is a prerequisite in 
these eases- Time and money can 
flnvv rapidlv vvliilc tlie alternatives arc 
pondered: 

Shall vve continue production and 
set lip a modification line to incorporate 
tlie fix after it has been dctcmiiucd? 

Shall vve cmitinuc prodiietion and 
send a fix kit to the field for niodifica- 
timi hv the using coinniaiid? 

Shall vve slow domi the production 
rate to incnriioratc the fix on the line 
as siion as possible? 

Sbal) vve stop productimi for a "quick 
fix" that niuv require further adjiishnent 
or changes in the field? 

Shall vve sto|i productimi for us long 
as it takes to incorporate a permanent 
fix? 

I'actor.v that come to WSPO from all 
vouree.s eonecnied must he consiticred. 
These include the using coniinand and 
-AMC, and prime and subsystem con- 
tractors. vvho will liave prohlcnis involv- 
ing labor, facilities and ovcrliead. 'Tlie 
world .situation is a factor, weighed at 
US.Al'’ headquarters. Snmctinics domi- 
luuit is the simple question: flow miicTi 

Gen. Estes and WSPO 

Under Gen. Estes AA’SPO has 
acliicvcd tlie prestige it needs to act 
svviftlv in these circumstances; it has a 
dircet line to the top because Systems 
Management speaks and acts as part of 
.ARlbC lie:idqnarters. 

.Along vvitli the improved WSPO 
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effectiveness that comes vvitli marshal- 
ing iiiforui.ition from industry, .ARDC 
centers and other military sources, there 
is the additional advantage— not vet fully 
realized— of improved jicrsonnel .stand- 

The Sy-vtcins Management Direc- 
torate is making an effort to tiuild a 
staff out of USAE’s best-quafified ranks. 
Present members give Gen. Estes credit 
for praising a good job well done and 
citing these accoinplislimcnfs to Gen. 
Power as jiiirt of his eampaign to obtain 
Lop personnel. 

In the directorate, there arc three 
deputy directors. Two of them arc in 
full operation. Tlicv arc; 

• Aircraft Systems, under Col, J. L. 
McCov, I le has divisinns cov ering bimi- 
bardnient, fighters, cargo and trainers, 
robiry wing and liaison. 

• Missile Systems, under Col- AA'- II. 
Bavnes. 'ITiorc arc two divisions cover- 
ing bombardment and fighter niivsiles. 
-A separate office was created to handle 
the North American SM-fid Navaho. 
This, ill effect, is a glorified WSPO set 
up to insure toppriority action. 

New Electronics Office 

Newest deputy directorship is for the 
field of Electronic Supporting Systems, 
headed by Col. h'. G. AUen. (Jrgaiiiza- 
tion of the unit was started Apr. 1 and 
jirobably will take a year to cvnnplcte. 
T'or cacli development contract in the 
field, it will introduce a new unit and 
another addition to .ARDC’s alphabeti- 
cal maze; The ESSPO. for Electronic 
Supporting Systems Project Office. 

Col. Allen’s problems and wliat lie 
plans to do about tlicm fonn a case his- 
tory that illustrates the entire Systems 
Management approach. 

Electronic Supporting Systems are 
not airborne; tliev arc jxirt of the ground 
cnviiomncnt in vvliich weapon systems 
operate. 

Responsibility for tlicir development, 
improvement and |)rocureinent lias been 
a relatively haphazard operation involv- 
ing some ARDC centers, USAE, ARDC 
and the mamifactiircrs. Growth has 


fiecn ’Topsy-Iifcc and there has been dis- 
s;itisfactioii at high levels with the slow 
rate of dcveTopiiieiit. 

One distinctive thing about electronic 
supporting systems is that tliey do not 
as a rule ewitain any single piece of 
major hardware, such as an airframe. 
They arc a complex of buildings, tele- 
phone lines, black boxes, computers, 
real estate and external fittings. TTiis 
niisccllany iif components for the most 
|xirt cciincs from shelf items that arc in 
being, althimgli iniprovcincnts and a 
few l;ev developments may be needed 
to achieve a desired result. 

How Contractors Benefit 

Col. Allen points out that a General 
Operational Requirement in his field 
generally is tied to a date well in the 
Future, witli more develu|inieiit time 
allowed tium in the ease of tlie average 
vveni|)oii system. ’I’his has been neccs- 
sarv because in the past there lias been 
no way to link the bits and pieces prop- 
eriv. Tliis has delayed decisions for a 
proper co-ordination of information, 
most of it fFoin manufacturers and 
scattered -ARDC centers. 

Tor tlie amtraefor, creation of the 
IvSSPO’s will simplify his relations with 
•ARDC, ending flic iiitcnniiiablc travel 
from center to center in search of in- 


fiirniatioii. It will resolve and coordi- 
nate data and make decisions based on 
all the facets of the problem that must 
be coiisidercd- 

It niav take as long as two years for 
Col. Allen's pirt of the organization to 
become fiillv operative. lie is hampered 
by the bunt for personnel to staff its 
four divisions and to man a dozen or 
more svstcni project offices that will be 
needed in the electronics management 
field. 

T'licv will cover air defense, traffic 
control, electronic warfare, communica- 
tion and high-speed electronic data proc- 
essing systems. 

ARDt's reorganization of last year 
and tlie renewed effort to meet the So- 
viet challcugc arc pirt of the overall 
USAF program to stimulate the in- 
dustry. 

Basic doctrine that must be accepted 
bv the contractor in order to benefit 
from these policies is simple and direct: 

• Be qualified and have a record to 

• AA'ant to do the job. 

■ Make eoiitiTbiitions to the state of 
the art. 

Iniprovcnients in .-ARDC's weapon 
systems management arc based on the 
;issuiiiptioii that industry lias accepted 
the job and will do it. ■ 
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M04 UNDERGOES TESTS IN AIRCRAFT LABORATORY 


Wright Supports Weapon Systems With 

'V'right-PaUcison AFB, Oltio- 
right Air Development Center, first 
Iioiiie of the Air Research and Devel- 
opment Command, today is a princi- 
pal supplier for USAF’s \^‘capon 
System Project Offices. \\'ADC’s 
product is technological know-how. 
I'liere are two other customers: 

• .\ir Materiel Conmiand. whidi de- 
pends on WADC for technical informa- 
tion needed for procurement. 'Ihis 
applies l)Oth to weapon ssstenis and in 
otlier areas of USAF purcliasing. 

• USAF’s using commands, which need 
tahnieiil data for maintenance of tlie 
air fleet and modification of weapon 
systems in operation. 

Basically. \\ ADC's job is to sponsor 
applied research and cxpior.itorv dc- 
sclnpiiient for the jjurpose of iin|)ro\- 
ing tlic st.ite of tlie art. lire Center 
produces tlie basic knowledge \ical to 
the development of hardware, then 
monitors the tcxhnological aspects of 
des'elopment, esaluation and produc- 
tion. . 

llic assignment runs from the cr.ullc 



LOAD TESTS DETERMINE STRUCTURAL STRENGTH 
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Technological Know-How 


to the grave in the life cycle of a weai>on 

Bce.nisc support of weapon systems 
is the biggest cliallengc to W .\DC. the 
organizjtion has been "cured to that 
task since the concept first w.is intro- 
duced. As sseapoii ssstciiis hast' grown 
ill com)stesits and US.\!’ has learned 
more about nianagiiig them (scc pre- 
ceding artidel. \\'.\DC has undergone 
.1 steady scries of ciiinigcs. 
Laboratories Reorganized 

More than a year ago. WADC's 
cloaen laboratories were sjdit up between 
the directorates of research and de- 
sclopnient to permit their organi/atiun 
along lines parallel to those of we-aison 
system sub-.svsteins. 

In this shift some new and significant 
laboratory titles appeared, emphasizing 
such things as weapons guidance, flight 
control and aerial rccomuiissancc. Wiat 
comes out of them contributes to the 
overall packages needed in new systenis- 

In the Might Control Labor.itory. for 
c.Nample, diserse elements formerlv scat- 
tered through scvcr.ll fields of technical 


interest were combined to meet tlie 
ehallenge of high-speed combat. N'ew 
concepts of flight control Inwc resulted. 

Brig. Gen. riioniiu L. Bryan Jr.. 
W'.^DC cnmniaiider, now expects addi- 
tional changes to be made oser the 
next eight months. Within each of the 


two top directorates and 12 hiboratorics. 
staff responsibilities will be hrnken into 

• Technical desciopment, which will 
foais on tccimiqnos in such fields as 
aeronautics, guidance, powcrplants and 
flight control. This staff will gise full 
time to cxplor.iticm and adsanccniciit of 
the state of the art. Much of the 
material that results will feed into the 
System Rctpiirenients studies carried 
out by industry under .\RDC spon- 
sorship through the office of Col. M. 
Prentiss Jr. at Baltimore. 

• OpeT.itirinal dcs’clopmcut, conccnicd 
with specific hardware for weapon .sys- 
tems. This staff ssill look at all prob- 
lems with the weapon system concept 
in mind, employing existing know-how 
to help finalize specific siib-systems- 
Tliere will be a miniinum of question 
marks and maximum dependency on 
“what sse know sse can do." 

WSPOS & ESSPOS 

'lb the production contractor, the 
operational area is the immediate one. 
where the Weapon System Project 
Office (WSPO) and the Klcctronic 
Snjaporting Svstcuis Project Office 
(KSSPO) ssill go to get day-to-day 
eo-oixTation from W'.ADC's labora- 
tories, Tcclmica! responsibility for each 
sub-ssstem will be sub-contracted to the 
Operational ncvelopmcnt staff of the 
."ppropriate laboratory. 

Contribution of this staff will be to 
spcexl and improve the scheduling and 
control of contracts, the detection and 
corrextioii of defects when they a|)peMr, 
and the dovetailing of sub-systems into 
the wcapiin systcin- 

fliis nimiitoring will help insure the 
siimilhintous jjassmg of milestones as 
various sub-svstcins go through dcvclnp- 
nicnt. One laggard cnmpiincnt can 
keep a weapon system grounded when 
il is vitiilly ucede'd. 

Helping the Operational Dcvelop- 
iiieiit staff will be a Systems Analysis 
Croup, skilled mem capable of taking a 
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loiik iit ciicli element of n «c;ipoii .sys- 
tem to help determine wliat Kind of 
IKrforiniince can Ik- expected and wliat 
impact -shortcumings ssill Iv.nc on the 

The Contractor's Role 

Ivssential to all this is a reali/.atiim 
bv the eoiitractor that he has not lost 
tnndamental responsibility for project 
iiianagement. \V'.\nC contends there is 
no eas\ ssas to speed ii)) development. 
It still depends on industry's capability, 
decisiseiiess b\ US.M' and good man- 
agenient |5lanning. .U planning elfte 
tneness iniproses under ARDC’s in- 
sistence. AMC's job should become less 
eoinphcated. 

This in turn should lead to easier re- 
1, itions between contractors and .\MC’b 
I’loentcment Directorate. 

E/ra Kofeher. Technical Director of 
W'ADC's Directorate of Deselopinent 
and a seteraii of long sersiee at the 
Center, puts ))artieiilar emphasis on this 
iiidnstry factor. 

lie belies es the evolsing \\'ADC .set- 
up is leading to better eonmumiration 
betneen the laboratories and within 
them, that the sy nthesis of sub-systeans 
is ins]jrosing and that the big payoff 


ssill come from improved relations with 
industry. USAh’ depends on industry 
for the results. 

Defining \\'.ADC as a center for in- 
tegrating c.spcriencc from industry, 
k'otcher cites an example from the 
I’owcrplant Laborators-, nherc a com- 
pressor stall problem might call for 
joint action bs- an eu|iiie mamifaehiter 
and an airframe builder. This would 
be true, for example, if a neiv jiroblun 
m stability and control were uncoscred 
in isolating a solution to the engine 
problcni- 

Value of Research Plane 

Kotcher. an enthusiast for the re- 
search airplane and sponsor of it as a 
deselopmcnt tool, points out that the 
more ivork done on adsanced sub-sys- 
lems before the |3time contractor enters 
the ))ictnre, the fesscr |)rohleins ss ill arise 
sslien real descloiiment starts. 

In this eonnectiou, the research air- 
plane is important hecause it can get 
data not asailiible from ground facili- 
ties for the simple reason that the 
ground facilities are iii.ulecjuatc or don’t 

rrc(|iientiy in this age of fast-moving 
[eclmologieal adsanecs the state of the 



NEW STRUCTURE TESTS ARMY CARGO PARACHUTES 


art mores far ahead of the adjustment 
possible in laboratories- As missiles 
come in svitb a rush this will be eren 
more true. 

All of these things lime an obr ious 
relation to the conccni of Lt. Gen. 

"1 liimuis S. Power, .ARDC commander, 
Dscr llie need for "big jumps" and the 
relationship between the state of the 
art and actual weapons in production. 

John E- Keto. Technical Director of 

W. \DC. feels that the newer \\'ADC 
organization, will) a split into separate 
monitorship of technical and opera- 
tional dcsciopinent. has a special merit 
for the WADC contractor. If ssill gisc 
him a prcs iimsly impossible opportunity 
to calculate the size of his risk ss-hen he 
undertakes a job- 

AROC's Largest Center 

\V.\DC is the largest installation 
maintained by .SRIYC. Iliere are 200 
hnildings at Wright-Patterson Ah'B. 
scattered oset -t.s million sipiarc feet of 
land- There arc S.OOO military and 
cisilian employes. 

Eight of the 1 2 laboratories are under 
the Directorate of Dcs elopment. headed 
bv Brig. Gen. Victor R. Haugen, They 
are eoncenied ssith .Aircraft. .Aerial 
Reeoimaissanec. Communication and 
Navigation. F.rjiupmciit, Flight Control. 
Prn|)cllers. Posscr|)lants and AA'eapon 
Guidantc. 

The remaining fonr laboratories— 
■Aero Medical. Aeronautical Research, 
Electriniic Components and Materials 
uim|3risc the Directorate of Rcscarcli 
iindeT Col. Clyde D- Gasser. 

'Hiere ate four other directorates, 
eovering Flight and All-Weather Test, 
Proenrernent, Support and Engineering 
Standards. The first of these conducts 
Phase \' all-sseatlicr tests mi new 

In addition to fil ing at Wriglit-Piitter- 
sem .Ah'B. some hf this work is eon- 
dneted in Alaska and at the climatic 
haiiaar at h'.gliii A! B in Florida. 

Pfi.ise \' tests cmer iidicrsc svcatlieT. 
climaties and cockpit standatdizuHon, 
During development of the system, 
compiinenfs— siieli -.is jet engines— .ire 
exposed to icing conditions at \A '.ADC's 
facility on top of Mt. Wasliiiigton, 

X. I!., where tlie cilntractor and US.Al' 
c.m experiment with natural phemmi- 


Aireraft La boro Tory 

Basic problems of airframe structures 
and acrndi mimic shapes are studied in 
the .Aircraft Laboratory’s six isind 
tunnels, ivliich range from six in. to 2(1 
ft. in diameter. Spin characteristics and 
the stahilitv of parachutes and bombs 
are determined in a scrtieal tunnel, one 
of two in the United States. In the 
Laboraton’s structure test building, 
probably the only one of its kind in the 
world, airframes undergo load testing 
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to determine strength before tliey are 
flown cxtcnsiiely. 

In addition to aircraft, the laboratory 
is concerned with some types of equip- 
ment, usually items that could bas e an 
effect on a^dynamic capability. An 
example is the emergency, inflatable 
pontoon dcs'cloped for helicopters 
scrs icing Texas Tower radar stations off 
the Atlantic Coast. 

Developed by A’crtnl .Aircraft Corn., 
the pontoon is carried externally on the 
II-2I tandem helicopter, can be inflated 
in cigiit seconds and will keep the air- 
craft afloat long enough for the crew tii 
man life rafts. 

The laboratorx' also considers prob- 
lems of escape in the case of super- 
sonic fighters. Typical of this is Project 
Smart, the laboratory’s high-sp«d 
rocket sled track atop Hurricane Mesa 
in Utah. 

An instnuneiited dummy is cata- 
pulted out of a sled capable of speeds 
between Mach 1 and Mach 2. The in- 
formation is used in deiclopment of 
ejection capsules. 

The Laboratory’s assignment is 
divided into design, mechanical, aero- 
dynamics and S|3ccial project branches. 
'ITius special attention is provided for 
everything from preliminary design 
studies to such components as landing 
gears, hydraulic systems, camera doore 
and bearings. 

PowerplanT Laboratory 

WADC’s propulsion iirogram is con- 
ducted bs' the Powcrplant Laboratory 
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tlirougli continuing studies of turbo- 
prop, turbojet, ramjet, pulscjct, liquid 
and solid propellant roebet engines, 
leciprocating engines and the applica- 
tion of nuclear power. Its turbojet test 
stands can take power units up to 

40,000 lb. of thrust at sea level. 

Special sections arc set np to deal 
with each major engine manufacturer, 
such as General Electric. Allison and 
Pratt & \\'hitney-a recognition of the 
fact that industry is best qualified to 
design and develop aircraft propulsion. 
The lab guides and evaluates the 
manufacturers efforts. 

A typical current project is reverse 
thrust to decelenitc landing jet aircraft. 
Another, which resulted in the start of 
a production program last year, was tire 


reinforced plastic droppable fuel tank- 
'Iliis was developed to replace the more 
expensire aluminum tank, which can 
be salvaged and reused by the enemy. 
Propeller Laboratory 

Roth subsonic and supersonic pro- 
pellers and helicopter rotors arc tested 
b\’ the Propeller Laborators- lire prop 
whirl stands are powered by motors up 
to 30,000 Up. and capable of speeds np 
to 12,000 rpni. 

Helicopter rotor whirl stands can 
handle rotors up to 95 ft. in diameter 
at 140 to 600 rpm. llicrc is other 
equipment to test the fatigue limits of 
rotor blade sections. 

Newest fcicilitv is a gsroscopic test 
stand capable of rotating a prop on 


both horizontal and vertical axes to 
simulate the stresses met bv large air- 
plane propellers in flight. It is a 
cyliirder 2l feet in diameter. With a 
propeller speeding inside, the cylinder 
can be rotated on an a.\is pcrpcndicnlat 
to the ground at speeds up to 25 rpm. 
This produces s ibratory stresses similar 
to those met in flight bv equipment on 
large transports rsith heavy loads. The 
cylinder can Ire drained of air to 
simulate an altitude of 165,000 ft., 
making it possible to spin a 20 ft. prop 
witli a 60-hp. motor. 

Aeronautical Research 

The Aeronautical Research I.abora- 
loiy is a |3riinars' installation, cutting 
across traditional dts’isions of science 


to seek solutions to problems in a 
number of areas. 

These include aerodynamic licating, 
structural matciiils. flutter analssis 
bombing coinputcrs. fire control aud 
equations of nrotion in aircraft man- 
euvers. 'Hie lab has several electronic 
computers to solve prohlem.s in mathe- 
matics. 

Branches include Chemistry, Kluid 
Dynamics, Mechanics, Metallurgs', 
Matliematics, Engineering Physics, 
Mechanical Pliysics and System Dy- 
namics, 

"Cat Eye," a device to enable an 
ainnan to see in tire dark, is a typical 
project. It is an electronic system which 
amplifies light from the ground. It is 

1,000 times more sensitive than the 


human eye. Other projects arc as 
conmionplacc as the shimmy iis a nose 
wliecl or as remote as a study of .solar 
generators that can convert sunshine 
into electrical energy. 

Materials Laboratory 

Deselopincnt of new and improved 
materials and creation of substitutes for 
critical items is the task of the Ma- 
terials Laborators'. which establishes 
qualitv standards for all materials used 
by USAl''. Vast new field of activih' has 
been opened in this area by the in- 
troduction of thermal and nuclear radia- 
tion as a factor in comljat considcra- 

Recent example of the lab’s activitv 
is the development of a cold extrusion 


process for titanium. So far, pure 
titanium has been used in the manu- 
facture of simple round bars. In the 
future, alloys may be used, and the 
items manufactured may grow larger 
as experience is added, along witli im- 
proved tools and the utilization of 
higlicr pressures, 

Otiicr projects involve the effect of 
rain on radomes, use of atomic energy 
to vulcanize rubber and studies of 
atomic radiation in a "hot cell." 
Electronic Components 

W'ADC'.s Electronic Components 
Laboratory conducts rcscarcli and clc- 
vclopinent on airborne electronic equip- 
ment, the fastest-growing field of aero- 
nautical activity. 

'litis equipment may apresenf half 
tlie total cost of a modern fighter or 
jet bomter. The list of parts includes 
transistors, connectors, capacitors, in- 
ductors, conductors, electron tubes, 
radomes and related items. 

About two montlis ago the lab an- 
nounced completion of a new test range 
to study the effects of radomes on air- 
craft radar performance. Instrumenta- 
tion of the facility has begun. Tire 

S500.000 facility w'il! help solve prob- 
lems in transmission-reflection, beam 
distortion and bore sight error. 
Communications & Navisotion 

New- and improved communication, 
identification and narigatioii equip- 
ment and ss'stems-for aircraft and 
euided missilcs-arc handled by the 
Communications &Naviagation Lahor.i- 

interest here ranges all the way 
from traffic control to anti-janinring and 
security techniques. Included arc ground 
reference navigation, instrument land- 
ing systems, frequency standards, 
rescue ’ devices, antennas and other 

'lire lab also maintains climatic 
chambers and other lost dcvices- 

Tvpical project is a 15-ouncc radio 
that' takes up only 20 cubic in. It is 
designed ttj call aid to a stranded air- 

Sniall enough to fit in the scat 
sun'ival kit of a fighter pilot, it will 
permit two-wav conversation between 
the man and rescue plane. Another is 
the Sperrv AN/APN-59 airborne radar, 
a 150-lb. device with a 5-inch screen, 
capable of search and surveillance, 
beacon interrogation, navigation, storm 
detection and collision wamiitg. 
Flight Cantroi Laboratory 

Development of improved flight 
instruments aitd manual and automatic 
flight controls is the mission of tlie 
I'light Control laiboratiiry. A new ap- 
proach now- under consideration is 
"control stick steering," in which the 
pilot has constant control over tiic 
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aircraft wlien flying manual or auto- 
matic and can put corrections into his 
couree without shutKng off the auto- 

Aerial Reeonnoissanee 

The Aerial Reconaissance Laboraton' 
covers not only the routine photo- 
graphic and radar equipment in this 
area and is studying wave propagation. 

Once called the Photo Reconnais- 
sance Laboratory before this title be- 
came too limited for the activitv, it 
still works on cameras to operate at 
altitudes of 100,000 ft. and others that 
will be used at low heights while speed- 
ing at 1,000 mpli. Electronics are 
utilized to do things with this equip- 
ment that cannot be done h\' human 

The lab also is working on stereo- 
scopic photography, radar recording 
cameras, spark flash photographv, night 
photographv and photo installations in 
rockets and missiles. 

The new KB-5 camera, which auto- 
matically adjusts its lens opening to 
control the amount of light hitting the 
film, is a product of this lab. A gun type 
camera that c-an be used on fighter air- 
craft, tlic KB-5 will cut down on the 
amount of inipropcrh exposed film. 
Weapons Guidance 

The ])r(iblcms of fire control, self- 
contained iiasigatioii systems, bombing 


and gunnery dcvicc-s and riL-.ipon guid- 
ance are handled in tlie Weapons 
Guidance Laboratory, This effort runs 
into such scientific interests as elec- 
tronic jamming, "chaff,” manual iwvi- 
gation aids and special test equipine.it. 
One of the largest labs, it is disidid 
into branches covering Interceptor 
Systems. Guidance DeveUipmciit, 
\Veapons Defense, Analysis and Design. 
N’aWgation. Strategic Bombing, Tactical 
and Services. 

Aero Medical Laboratory 

Iinproscinent of aircraft ei|iii])meiil 
so that man, who is obsolete in the 
world of high speed flight, can suisise, 
is the role of the Aero Medical Ijhur.i- 

It determines man’s tolerance to the 
forces of modern flight, anticipates 
his future demands and extends his 
capabilities. A new test chamber, an- 
nounced early this year, can simul ite 
altitudes in excess of 150,000 ft- and 
the decompression that follows if a 
plane’s canopy is blown off at that 

Equipment Laboratory 

Incorporation of all ground and air- 
liorne cqui]uncnt into the weapon 
system to make tlic modem Bircr.ift n 
more effective combat tool has in- 
creased the iin|5urtancc of WADC’s 
I'.c|uipincut laiboratnrs. Kvcntliing 


from tiny filters to niaininoth hangars 
is developed and tested by this unit, 
fields of interest are depot equipment, 
electrical accessories, servicing of air- 
craft and missiles, support equipment, 
parachutes and air installations. Speci- 
fic projects cover such items as crushers, 
auxiliary power vehicles, crash fire 
scliicles, air conditioning, heating, light- 
me, fliglit simulators and trainers. 
Chmatic cliambers are an important 
tool in the work. 

One recent development provides a 
new .sound warning des'icc to tell a 
pilot when he is about to land witliont 
iowering tlie landing gear. Instead of a 
horn in the cockpit, which may not he 
heard, the new device puts a tone iu 
tlic pilot's licadsct. 

It is turned on when the tlirottlc set- 
ting, airspeed or altitude of the aircraft 
indicate that a landing is about to be 

A new ripe trainer pcmiits siniu- 
l.-tcd flying witli navigation by Sliotan 

It will permit synthetic action for 
bombing, photo reconnaissance and 
aerial mapping missions- Another ic- 
cent addition is a steel drop test facility 
designed to study parachute delivery of 
military equipment. A giant "ski jump,” 
565 feet long, it is expected to bring 
iiliout iinpros'ed shock absorbers, anti- 
lop]>ling devices and aerial deiis’cry 
platforms. 
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HYPCTSONIC TEST VEHICLE 


WDO Guides Notion's Top-Priority Missile Prograrrts 
Patrick Expands to Meet Long-Range Missile Challenge 
Holloman Adds Facilities for New Missile Test Tasks 
Edwords Rocket Base Tests Sophisticated Powerplartts 




.ME \\ ELI. SPE.XT — Northrop Aircraft’s engineering and pro- 
duction team continuously pursues scientific developments to strengthen the 
national defense. Often this trail-blazing corporate effort commences long before 
a military requirement is known to exist. For example, when Northrop engi- 
neers started work on a supersonic trainer airplane, it was without the benefit of 
contract support. Now, two years later. Ihisjet trainer is an important Air Force- 
Nnnhmp project. Tlio time which Northrop devotes to scientific exploration 
without guar.iniec of future returns has often paid dividends to ilic defense 
elTort. It has proved to be time well spent in the interest of the American people. 
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Pumeers in All Weather and Pilotless Flight 


• WESTERN DEVELOPMENT DIVISION 


WDD Directs ICBM, IRBM Development 


Los Angeles— The nation’s highcsl- 
priority program— diwclopnieiit of a 
family of strategic ballistic missiles to 
an operational status— is being man- 
aged here by three organizations under 
the leadership of .ARDC’s AA'cstern 
Development Division, commanded 
by Maj. Gen. B. A. Schriever. 

^^'DD's job is to plan and develop 
the long-range ballistic missile and 
create a task group for tomorrow’s 
Air Force. The assignment goes far 
beyond routine monitoring of a 
weapon systems contract. It requires 
AA’DD to lead USAF's strategic Iwl- 
listic missiles program tliruugli re- 
search, development, production and 
carl) operaHons. and includes respon- 
sibility for the task group’s initial 
operational capability. 

In this WDD is aided bv the special- 
ized talents of the Ballistic Missiles 
Office of the .Ait Materiel Commantl 
and the Guided Missile Rescatcli Divi- 
sion of the Ramo-M'ooldridgc Corp. 

Tiicse three groups, operating as an 
entit)-, hciir the final awesome rcsixsnsi- 
bilit)- for the .success or failure of all 
of the Air Force's ballistic missiles; The 
Convait .Atlas, Martin Titan and Dmig- 
las Thor. 

Organization Is Unique 

’I his uii iqiie organiz-ition, wliidi out- 
siders have called cverv thing from tlie 
IIolv Trinitv- to a thrcc-headcd monster, 
was spccificallv- built (wo veurs ago to 
allow the Air horec to do’ the .svstems 
engineering of these new weapons. 

Before that, .svstems engineering of 
lim|-raiigc missiles was the resuonsi- 
bilitv- of the prime contractor. .At that 
time, the only U. S. iiiterconfiueiila; 
ballistic missile under way was the At- 




l.is. with Convair Division of General 
Dviianiics Corp, acting as prime con. 
tr.ictor for the complete svsteni. 

Convair had more than an ordinary 
interest in the field. One of the first 
eompmies to start loiig-r.mge missile 
studies. Convair had nursed the project 
through the po.st-war boom and bust in 
the aircraft business and had sheltered 
it after an ccimoun review stop|xd am- 
further official fumling, jsrovidiiig a 
home for an infant who gave crerv 
prospect of growing up to he a bruiser. 

Shortly after flic miclear break- 
tliroughs uf 19s2 and 19is, which pro- 
diieed a lightweight liigh-vieUI thermo- 
nuclear warhead, the Air h'orcc began a 
major .studv- to determine the direction 
in which weapons technologies were 
going. In I9ss, .Air Force established 
a Strategic Missiles Kvaliiatioii Com. 
luittcc oncler Dr. John von Ncmiiann. 

Von Neumann’s grou|) retommeiKlcd 
the creation of a dcvelojinient-miinage- 
ment group to monitor all strategic 
missiles and the .Ait h'orcc implemented 



tlie teeomnieiidatioii in 1954. Once 
that decision was made— for better or 
vvorsc-it ine-ant tliat US.Al' liael to set 
up a specialized staff to liaiidle the 
teclinic-al direction and ssstenis engi- 
iiccrin|. It did not have, nor could it 
get, the iieeessarv talent within the Air 
horce. so it liirctl the Ramo- Wooldridge 
Corp. to do the job. 

'Ilie action took the .Atlas project 
management avvav from nmler Convair. 
and in effect made the firm what the 
.Air I'oree calls a ‘'ptinci|)al associate ” 
contractor to WDD. Cimvair's howl 
was hmel ami iiistantanemis. It was 
celiocd by other eontraetors who .shared 
Convair’s belief that tcdmical enmpe. 
tence could be found in tlicir own 

AMC's Part 

Air .Materiel Command strengtlieiicd 
its own part of the task bv setting up 
a Special .Aircraft Project Office in the 
same buildings oeeu|)ied In- AA'DD and 
Ramo. Wooldridge. S.APCi's job was to 
monitor the contractual and procure- 
ment procedures, and to hear tlie major 
rcs|jonsi])ilitv for production, qiialitv 
control, supply, maintenance and trans- 

But no matter how efficient, an or- 
ganization as complex as WDD can 
get bogged down in the multi-leveled 
structure of tesponsibilitv- and antlioritv 
above it.s head. Most of Miese levels 
were removed when the strategic mis- 
sile program was rcaligiied earlv this 

’Unit realignment raised the infcrcoii- 
tinental and intermediate-range ballistic 
missile ]>rogr.ims from highest USAh” 
priority to highest national prioritv. .At 
the s;imc time it freed the programs 
from the rmifine channels of the mis- 
sile maze that bedevil lesser projects. 
Oiilv two s|)cci!il missile committees 
have the imvser of review over AA'DD; 
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the USAh' Ballistic Missile Committee 
headed by USAl' Secretary Donald A. 
Quarles, and the Missile Adv isory Com- 
mittee headed by Kger V, Miirphtcc in 
the Office of the Secretary of Defense. 

With tile organization completed, 
the next task lav ahead; A studv and 
icview of the .strategic missile program. 

It was this first program review that 
kicked off the bitterest and longest 
scries of complaints against the organi- 


zation from the outside. Ramo-Wool- 
dridge, in its capacitv' as technical di- 
rector and systems engineer for the 
IKOgrams. needed complete and detailed 
.scientific information on all of the inis- 
.silcs in order to evaliiate them propcrlv. 

Contractors didn't like this. 'ITicir 
chief argument was that they had de- 
veloped this tcelinical data at consider- 
able effort, in some cases with their 
own money wlien there was no other 


support forthcoming. Ramo- Wool- 

dridge was in a position to compete 
witli them for future missile contracts. 
The contractors’ first reaction was that 
they'd be damned if they’d turn tucr 
their liard-«on data to make it easier 
for R-W to compete. 

This was not what was supposed to 
happen, and ^\'DD had a lot more 
explaining to do. R-W said its job 
u-JS to provide tcclmical direction and 
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and this sore point may never heal to 
the complete satisfaction of both doctor 
and patient. 

Development Philosophy 

Two basic philosophies governed that 
first study and review by WDD: 

• A diffintnt kind of test prognim 
designed to reduce flight testing and 
losses in fiiglit. Because reliability is 
the key to successful weapon systems, 


overall systems engineering— not pro- 
duction of the systems. R-W would 
build some experimental units prolj- 
ably, but this would be done only to 
help in their understanding of the 
systems problems. 

These soft answers turned away the 
wratli of the contractors to a large de- 
gree, and tlte review went on relatively 
unhampered. Btit now and then a 
disgruntled rumble still can be heard, 


reliability testing was planned for the 
earliest stages instead of waiting for 
complete systems or sub-systems. Facili- 
ties for the unique tasks were not in 
existence and had to be improvised or 
invented and built for the component 
and sub-svsteni testing. 

• A multiple design approach with 
back-up provisions. The scheme was 
to provide two major contractors per 
sub-svstem except for the guidance pack- 
age, for which several were to be se- 
lected to do the development job. If 
one contractor fails, the alternate con- 
tractor's system must be available for 
substitution. Tliis does not preclude 
different approaches to the same sub- 
system, but instead encourages different 
technical paths. 

’Die overall weapon system job for 
strategic missiles is broken down into 
sub-system areas for technical and con- 
tractual reasons. Four major sub-sys- 
tems arc the building blocks for these 
missiles; airframe, propulsion, guidance 
and nose cone. 

Principal contractors for the strategic 
missiles program, and the sub-systems 
thev arc responsible for. include; 

• Airframe: Convair Division of Gen- 
eral Dvnamics; Martin, Denver; Doug- 
las Aircraft Co. 

• Propulsion: Aerojet-General Corp.; 
Rocketdyne Division of North American 
.Aviation, Inc. 

• Guidance; AC Spark Plug Division 
of General Motors Corp.; American 
Bosch Arma Corp.; Burrouglis Corp.; 
General Electric Heavy Military Elec- 
tronics Div ision at Syracuse; Massachu- 
setts Institute of Technology; Sperry 
Rand Corp.; Western Electric Co. 

• Nose CoDc: Avco Manufacturing 
Corp.; Lockheed Aircraft Corp.'s Mis- 
sile Svstems Division; General Electric 
Co.’s Special Defense Projects Dept. 
Ramo-Wooldridge's Role 

Less than one year after its founding 
bv Drs. Simon Raino and Dean Wool- 
dridge, R-W' became one-third of the 
management of a project tliat even to- 
dav occasionally staggers the scientific 
mind. 

Its nucleus was a group of disen- 
chanted employes of Howard Hughes; 
today it numbers 2,000 personnel, pre- 
dominantly scientists and engineers. It 
was founded to do rcscarcli, devclo[>- 
nient and manufacturing in the field of 
avionic svstems and guided missiles. It 
now occupies eiglit buildings totalling 
350.000 sq. ft-, has another 900,000 
sq. ft. under construction as a research 
and daelopment center on a 40 acre 
tract, and is building a new avionics 
])lant just south of Denver. 

This phenomenal growth can be at- 
tributed in part to the enormity of the 
task assigned to R-A\' by the W'DD. 

“Our major requirement is to undcr- 
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longer ''reach 

for the 

Air Force 


Guided missiles, a fantasy yesterday, 
re a working reality today. One of 
the most important concepts in this 
field is the GAM-63 Rascal, a USAF air- 
to-aurface missile for which Bell Aircraft 
Corp. has the weapon system responsibility. 
Rascal is designed to be carried aloft by USAF 
strategic bombers and released miles from its 
objective. Even while the bomber is on the return 
flight to its home base, Rascal is heading at a high 
speed and with pin-point accuracy to its target. 

The rocket- powered Rascal not only can increase the 
•reach" of the Air Force but also could eliminate the 
hazardous "run over the targef'for airmen and extend 
the useful life of the nation's bombardment aircraft. 
As the prime contractor. Bell Aircraft has been associ- 
ated with a large segment of U.S. Industry in developing 
the entire Rascal weapon system. This system includes 
the airframe, guidance, rocket engine, servomechanical 
devices, launching and ground support equipment, flight 
testing and training. 
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Ballistic Missile Chronology 


About IS yean will 1ia>c clajiscd between the Rist flight of 
the Atlas uiid that of its distant icluHvc, the German A4 (\'-2) 
ballistic missile, Rut this time lapse is not as important as the 
lO.yeut gup between the first studies leading to Atlas and the 
L'sjieriiiicntal missile’s first fiight. 

Ten years is a long time mi tlic calendar of weapons 
progress. A decade separated the start of the Gernum c\|>cii. 
mental rocket ptograin tioni the first giHid flight of a ^'.2 in 
Octiilier 1942, A decade will separate the first studs cniitiact tor 
the precursor of .Atlas from the first inaiur tests of sub-systems 
imd.-w'ith Inck—the first flight of aii Atlas tost s'chiclc, 

'ilicrc are more than b'me [laralleh between the Gcrnuin 
program and that of USAF. For botli, part of the long lead 
time can be attributed to the tcclinieal iniignitnde of the joti 
to be done. 

Hut too big a part can be charged against false econoinics, 
low priorities and incomplete understanding of its potentialities 
at high militars* and government Ics'cls. 

'Ilic chronology: 

o 1942: First \'-2 fliglits: two unsueccsstul rounds in June and 
August were followed by the first coni|>lctely successful firing in 
October. 

• 1944-1945: Api>tosiniate!y 6,000 \’-2 rockets were built and 
about 3,600 were launched against London, Antwcqr, and other 
European targets. 

• 1946; F'irst stud) contract on MX-7T4 long-range ballistic 
missile let to Consolidated-A'ultec (now Convaii division of 
General Dyiianiics Corp.). 

• 1947: Ecoiiomv review by Defense De|xirtment nndet Louis 
Johnson cancelled the AIX.774 pto[ect. 


• 1951: Second study emitiact let to Convair for MX-1593 
long-range missile, lliis stud) carried a low priority aimed at 
realizing a missile in one or two decades. 

• 1952-1953; Break through in thccniomiclcar technology re- 
duced the iiiniti-thoiisand pound bomb to a light-weight war- 
head with a high yield, making possible a ticniciidous reduction 
in w'L'ight and size of the ICBM. 

o 1952; -A major studs projecting w'cajsons tcclmology w*as 
made to sec in what direction future ueapons systems go. Part 
of the studs was coiicenicd with concepts and technology of 
the ICBM,' 

0.1953; ^tiats^ic Missile Evaluation Committee was cstab- 
lislicd by the Air l''otce with Dr. Jotin vcm Neumann as chair- 
man, sparked by Trevor Gardner, then USAF assistant secretary 
for research and deselopmcnt. 

• W54r In l'■ebrllar^. the von Nenmaim cnmmitlcc recom- 
mended estdblishmeist of a dcvelopmcnt-managcment group tor 
strategie missile programs. 'Use Air Council and the Sccretarv 
of the Ait Force a]!provcd and the project received highest 
US.AF priority. 

• 1954; In June, the Air Kcseareli and Development Corn* 
mand was directed to establish a field office to monitor strategic 
missile developinent. 

• 1954; AA'cstern Dcsclopinent Division assumed its rcsjion. 
sibilitv in .August, bringing in under the same root the Air Mate- 
riel Cr;mmand's Special .Aircraft Project Office (now Ballistic 
Missiles Office) :nid the Ramo-M onldridge Coqs.'s guided 
missile research division. A\'DD was to act as overall monitor; 
S.Al’O w'js to look after the contractual angles, and R-\V was 
responsible for systems engineering and teeliiiic;il direction. 


stand the relation bctwccti niilit.iry tc- 
cjuitcineiits and the shite of the art," 
said Dr. Simon Ranio. "h'or this we 
must have peo]jlc with cx[K'ricnce in 
cnniplc.'; weapons .svstcnis as well as 
the pure scientist with no responsibility 
for any particular part of the missile but 
wlio undcrst;uids the concept of a 
weapon. 'I'hcse people must judge wlrnt 
industry can ;iccoiii|)]ish, knowing the 
organizations of industry. They must 
he capable of creating a rcscardi and 
development jjlaii |)05siblc of attiiining 
and b;iscd on tlic facilities avaikiblc and 
to become available." 

A\et;igc age of the kc\- personnel at 
R-^V is around 40, and there arc about 
40 of them. Their backgrounds include 
academic, govcriimcnta! ;ind iirivate re- 
scurcli hibciratorics and indiistrv . In ad- 
dition the coinpanv can calf on the 
services of part-time consultants in 
many specialized fields. 

R-W had a guided missile research 
division ;ivailablo before it got the 
ICBM-IRBM jobs, but not under that 
n;mic- ,\ group of coni|xmv personnel 
were doing missile svsteins studies for 
the von Neumann committee ;it tlic 
time that that committee was doing its 
strategic missile evaluation. Part of the 
von Neumann committee's final re- 
port was the recommendation that a 
development-management group be 
CTcated to run the strategic missile pro- 


Tlic new division of R-^^' was created 
to match the systems responsibility 
given it by the Air Force a few months 
after the von Neumann group’s final 

Ballistic Missiles Office 

Hie fonnatiim of M'estern Develop- 
ment Division was followed througli bv 
llic Air Materiel Command witli the 
appointment of Brig. Ccn. Benjamin 
I. I'tink as Dcpulv Director for B;illistic 
Missiles. Gen. F'nnk was assigned to 
liead flic S|x;cial .Aircraft Project Office 
(now the B;r]listic Missile Office) of 
.\MC in Los Angeles. 

BMO Liuthorily covers |srocuremcnt, 
production. tiu;dify control, su|)plv, 
maintcmmcc and tninsport.ition for the 
ICBM-IRBM programs. 

Its personnel contrihntc to ;ill group 
activities that rcconinicnd qualified con- 
tractors, solicit pro]>osals and cv;iluate 
tlicm to choose the eoiitracf winners. 

Approximately 30 ICBM-IRBM con- 
tr:icts arc monitored bv the BMO. 
Selecting Contractors 

'flic routine for selecting contractors 
to contribute their sjjccializcd knowl- 
edge tn the strategic missile programs 
begins with a requirement prepared bv 
-ARDC's AA'cstern Development Divi- 
sion. .A team marie up of AMC and 
ARDC jjcrsonncl recommend tlie best 
qu;ilificd contractors for the job, based 


on p.i.st performance, ]3rescnt workload, 
tcclinieal c-apability, available facilities 
and similar factors. 

Requests for proposals arc sent to 
tliesc contractors by tlie Ballistic Mis- 
siles Office jointlv- with AA'’DD. Tlicsc 
requests arc followed by a pre-proposal 
briefing at wliicli details of tlic require- 
ment are discussed with tlie prospective 
contractors and aii\' necessary revisions 
or changes arc made. 

Evaluation Board 

Nesf step is the csf.ihhslimcnt by 
AA DD of ;ui evaluation board with 
members from AVDD and BMO with 
R-AA’ advising. Tlic board's job is to 
prepare criteria for evaluation of the 
proposals and then to review the pto- 
posals. Evaluation of the various phases 
of the individual proposals bv specialists 
and further conferences with the con- 
tractors follow. 

Choice of tlie contractor is made bv 
tlic evahiation board, vvhicli names a 
sole source or a prime and backuji 
sourcc.s. The board's recommendation 
is forwarded bv AA’DD and BNIO to 
the three Ilc.idqnartcrs of ARDC, AMC 
and USAF'. 

So fur, 17 major contractors and a 
host of minor ones have been selected 
hv' this method. Not cverv selection has 
met with complete acceptance bv the 
bidders, but tlic batting avcnigc is ven’ 
high. ■ 
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Patrick Prepares for Ballistic Missiles 


tion. Personnel increase in tlic USAF 
organization is cstimatol at s09f-; range 
and missile contractor pctsonucl may 
C|uadnip!c. 

'litis pliinncd growth indicates more 
than any other fiictor that the missile 
program, for long years a |>oliticiil ami 
leelniical football, has been kicked 
atninid for the last time. 'Hie future 
gKostb and stability of AFM TC now 

Look to the Future 

Credit for a major portion of the 
planning incentisc is given bi military 
and civilian eniploscs to Maj. Gen. 
D. N- Yates, AFMTC's commander. 
Said one civilian; "lie’s just wlnit you 
need in this business: a bear on pLm- 
nin^ ahead." 

I'litnrc growth will be built on a 
large, strong base; tbo present state of 
the range- During tire six years of op- 
eration. the programmed w ork load has 
grown asttonoinicallv, 'Ilicsc arc tl>c 
bigliliglits of corrent operations: 

• .Actis’c missile programs midcrssay— 
the Boeing Romarc. Martin Matador, 
North .\mcrican N'as-aho, Chrysler Jupi- 
ter- ,\ (formerly Redstone) and the 
Northrop Snark. 

• Eleven contractors arc on the site 
working with missiles or missile sub- 
svstems. This docs not include the joint 
range 0|)erators. P;m .\mcrican \\'orld 
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By Diivid .Aiulcrton 

Patrick AFB, I''la.— ’Hie IRBM and ICRM test programs have triggered 
an explosive expansion at the Air Force Missile Test Center. 

Onriiig the next two seats the center must appioxiniatels triple its 
present program capabilits to meet test requirements for hsqjeisonic sseapon 
systems ssith intcrcimtincntal ranges and to launch increasing numbers of 
siKjTtcr-range missiles. 1 he list of active projects then will include missiles of 
alt the sers’iees and of several tspes and ranges. 

To handle this workload, the range is bought to see optically .uid clecttoai- 
bcing extended to lonely .-\sccnsion cally for greater distances than ever be- 
Island, 5,000 mi. away from the Cape fore. 

Canaveral launch pads. New instru- More buildings and other facilities 
mentation is being des’cloped and are programmed and under construe- 
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Airways and the Radio Corp. of 
America. 

• Work load is about 250 tests per 
moiitli, of which only a \xry small per- 
centage are live rounds. The rest ate 
simulated missile fliglits using USAh’ 
aircraft flown by contractots. 

• OiKrating costs ate at about a S4 mil- 
linn level per month. 

• Personnel total about 9,500. Approxi- 
mately -1.000 arc tlic range contraetors'. 
2.200 arc military, 1,600 are civil serv- 
ants and 1.600 arc missile contractor 
employes. 

• New construction is cvctywlierc. A 
new technical systems building will 
open soon. Downrangc stations arc 
getting additional facilities. ,At the Cape 
Canaveral launching sites, half a dozen 
additional pads are being built, singly 
and in complexes. 

Present Ronge 


ar sites and tbc 
I equipment are 


Today a contractor eoidd Are a inissle 
for a distance of 1,500 mi. and get com- 
plete test data during tlic fliglit. Tclc- 
metcrine receiving stations, tracking 
romniand dcstiuc- 
. . complete that far 

down range. 

This portion has been built up slowly 
to meet expanding requirements of 
aerodynamic cruise missile-s. Hie mis- 
sile ainvay has grown from Matador 
flights of a few hundred miles to the 
Snark and Navaho test vehicles' journeys 
down and hack, llicsc kinds of test 
firings plus the hundreds of simulated 
missile flights made bv USAF and con- 
tractor-operated aircraft, have been the 
major work load since the range opened 
for business in 1950. 

Only an occasional short-range ballis- 
tic missiles, such as the Army’s Jupiter A, 
has broken into the aerodynamic se- 
quence. 


But now the sudden surge to grasp 
tlie technical subtleties of the inter- 
continental ballistic missile has re- 
oricntcxl the thinking and planning of 
the military and civilian scientists here. 
To the carefully built foundation of 
their present range they now must add 
a superstructure to meet the new and 
Ijcculiar requirements of the IRBM 
and fCBM. 

Range Extension 
■^riic proximity of the test program 
for at le-dst one strategic missile, the 
Convair Atlas WS-107A. has spurred 
extension and expansion of the range. 
On Cape Canaveral, lauiieliing point 
for all test missiles, concrete is curing 
in a complex of blockhouses and launch 
|)ad$ fur the ballistic missile family. 
Surves and construction crevss have be- 
gun work on Ascension Island, tlie 
scientific outpost and present terminal 
point. 

Moiiopulse radars that can see a mis- 
sile at distances of several hundred 
miles have been developed and arc being 
procured for the specialized tracking 
problems of high-altitude trajectories. 

Advanced optie.il systems based on 
astronomical telescopes slaved to radars 
will yield visual data on missile attitude, 
stage separation and re-entry tumbling 
at distances well over 100 mi. away. 

All this expansion is chargeable di- 
rectly to the long-range ballistic missile 
programs, but more tlian distance and 
new instninicntation is planned for fu- 
ture growtii. 

Increasing numbers of Army, Navy, 
and .\ir Force missiles will outgrow flic 
liinifcitioiis of otlier service ranges at 
White Sands. Inyokern, Ft. Aliigu, 
Cbina laikc and 1 lollonian .\FB, 

I'hc biggest problem facing Al'MTC 
w ill be to exjxmd tbc range rapidly and 


FULL SKY recording camera takes picture 
even 15 min, of complete sky as rcRcctcd 
in a l2-in. glass sphere. 




SANDIA backing telescope. 
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still niaiatuin the liigli utilization rate. 

I’'init eompliiiats of Ringc satura- 
tion already have been heard. “It isn’t 
sahiration, it's rcstrietioii,’’ said Col. 
II. J. Sands Jr., AFMTC Deputy for 
Test. “This is a problem riglit now, 
but good planning can solve it. It’s 
going (0 mean tight scheduling, and 
firing when the schedule says to go.” 

Quadrupling of the firing schedule 
over the past three years has forced a 
change from the first leisurely pace, 
'nicii, if a missile crew needed four or 
five hours or more to calibrate the tele- 
metry, time was asailable. The entire 
range could go off the air while one mis- 
sile transmitter and receiver were 
cheeked. 

In the future, telemetering calibra- 
tion will be done on closed coaxial cable 
loops and the range «'ill stay open. Pbins 
are that there will be no radiation dur- 
ing an entire ICBM test round check 
until perhaps 90 minutes before launch. 

All this. Col. Sands bclicscs, will cure 
any sj rnptonis of range restrictions. Of 
them, meeting schedules is the most 
important. 

Future Potential 

Dividing line between present and 
future range capabilities is the island of 
St. Lucia, about 1,500 mi. from the 
launching sites on a course splitting 
the Mona Passage betsveen the islands 
of Puerto Rico and Hispaniola. 

Below St. Lucia the range takes on an 
entirely different character, born of the 
uniouc problems of a trajectory that 
twches far into tlic ionosphere and 
stretches o\'cr 5,000 mi. Col. Claire 
E, Ewing, Director of Range Develop- 
ment. explained the tic behveon the 
trajectory and tlic range: 

A ballistic trajectory can be disided 
into three areas of interest: 

• Laimcli to burnout, ctnering the 
period from the time tlie missile lifts 
off the pid until all its stages have 
burned and separated. 

• Mid-cout.sc. during nhicli the missile 
coasts to the zenith on the kinetic 
energy of its s]5ecd at burnout, and falls 
down the other side towards the t-.iith. 

• Re-entry, uhen the missile plunges 
through the atmosphere, ucatlienimcs. 
and arrems dmvinvard tn tlic impact 

Coveting tlic first phase will lie the 
island stations between tlic Cape and 
St. Lucia. 

Oowii to St- Lucia, tlic range was 
limit for acrodsaianiic missiles. Tele- 
metry, tracking radars and command 
destruction equipment were developed 
to watch missiles in level flight within 
tlie atmosphere at altitudes not exceed- 
ing about 20 miles, and slant ranges 
probably under 100 miles. 

But the Great Circle route between 
Cape Canaveral and Ascension is off 
tlie island chain by a considerable dis- 



For Random Vibration Testingt 

CALI DYN E'S NEW 


CALI PV NE 



PORTABLE 
i CONTROL 
TOWERS 




AVtATfON 


St S. 1956 


109 



• PATRICK 



SUByUina^® 



27-27 



27-801 




look to AMPHENOL 
for RF Connector 

PROGRESS 

Amphenol’s Subminax have provided 
the eleelronic industi'y for the first 
time with extremely reliable 
subminiature RF connectors. Where 
space and weight savings are 
important, but not at the expense of 
reliability, AMPHENOL Subminax are 
finding ever-increasing utilization. 

Now, four new 50 ohm connectore have 
been added: 27-27 hermetic seal 
receptacle, 27-801 cable termination, 
27-800 printed circuit receptacle and 
27-28 Subminax to BNC adapter. 

Write for data sheet, which includes 
a listing of all thirty available 
Subminax RF connectors. 



Amphenol now adds modified 
versions of the LT series 
of RF connectors to its large 
availability listing. Specifically 
designed for use with Teflon 
RG-117/U coaxial cable 
(also made by amphenol) , 
the LT series 82-116 plug 
and its matching 82-117 
receptacle are made largely 
of aluminum to keep weight 
low and cadmium-plated 
for durability. Impedance 
is 50 ohms, maximum 
voltage rating is 5000 volts. 

Write for data. 




LT SERIES^ 

( sJujiun one-hel/ sirej 



. ELECTBONICS CORPORATION 
Chicago 50, illinois 

CAFUOA LIUITEO • IcrostCP f, Ontario 


tance; in sonic cases one missile will 
never be closer tliau 100 miles from 
a tracking station. 


Tracking Farther 

Tliis distance has forced the exten- 
.sion of currciit radar and optical track- 
ing equipment to coicr cicr greater 
ranges. Comair's Aznsa C-\\’ system 
and tlic CO'I'.AR (Correlation Tracking 
mid Ranging) system arc being deicl- 
n|3cd for ballistic ini.wilc tests. Aznsa 
i.s unda nmsidcratiim as an input to 
impact point predictors: it lias been 
tested successfully during seicral bal- 
listic missile laiiiicliings. CO'I'.AR will 
be of priman' use at remote sites for 
fracking the rc-cntiy phase. 

One significant problem underlined 
bv Col. Ewing is caused bv tlio attenu- 
ation of transmission from the missile 
bv tlic free electrons in the p:itli of the 
flame of the rocket motors. Some tests 
on the Army’s (npitcr A liasc sliowti 
that the problem is not as severe as 
c.xpcctcd, but the tests are not liclicsed 
to be completely conclusii c- 

At burnout the engineers expect to 
be able to pinpoint the missile within 
a distance comparable to the missile’s 
size and to measure its speed within 
a few feet per second- Tiic latter 
accuraev is about one pirt in 10,000; 
this is precision measurement. 

Bclnu St. Lucia, ballistic missile 
trajcctorv data arc of relatiicly little 
importance; the critiral pluses of the 
flight are from takeoff to bnniout and 
from rc-entn to ini|3act, so missile po- 
sition and velocity arc not required to 
the extremes of accuracy needed at 
liiirnont. 

niislcss-prccise telemetry data doesn’t 
require knowing the position of the 
ground station to the same precision as 
the upraiige stations coscriug the path 
to burnout. 'I'liosc stations, surveyed by 
radar navigation systems, arc spotted 
lutliin a few feet of their true position. 

Telemetry stations below St. Lucia 
will be sliips. strung out in a line pimllcl 
to tlic coast of Brazil. 'Hicit position 
will be known within sescral huiidrccl 
feet, whicli will be accurate enough 
for tlic purposes of the niid-coiirsc 
phase. No islands arc as ailablc. 

'If We Miss Ascension . . 


'I'lic end of the 5.000-niilc line now 
is Ascension Island, the guano-cmeted 
lionic of gooncy birds and a way station 
on the route ti> Africa in World W'ar 
II. Into the waters off this volcanic 
island will splasli the iCBM test rounds 
after tlicir searing tide thrnugli the 
atmosplierc. 

’Ilic last few inindted miles before 
.Ascension mca.Hites the re-entry of tlic 
ICBM. 'Hie kinds of informatiim 
needed during the critical jMrtion of 
tlic fliglit means that precision track- 
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mg radars and comnraiid dcstmction 
must be available. 

One anticipated difHcultv during the 
re-entry phase of the ballistic trajec- 
tories will be created by iunixatron 
caused by the high compression and 
temperatures behind the shock wave. 
Transmission from the missile will 
be very difficult through the ionized 

Two wavs has'c been suggested to 
asoid this— use high-gain telcinctry an- 
tennas in a quartering position behind 
the nose cone, and therefore out of 
the extreme ionization pattern, itr skin- 
track the nose 'vith long-range mono- 
pulse radars until ionization ccascs- 

Impact points uf tliese long-range 
missiles can be located quite precisely 
isv listening tccliniqucs, eoniparable 
to underwater sound systems used in 
anti-submarine warfare. Tliese tech- 
niques are being explored now. 

Range errors as high as 10 miles ns cr 
the complete trajectory of an ICBM 
could result from sariations in the 
local acceleration of gravitv. Tlic earth’s 
cnist is neither uniformly thick nor 
dense; those variations mean changes 
in G force with geographical position 
a.s well as ivith altitude. 

Grai'ity snrscys arc being made from 
.\scension Island back up to the Cape. 
Tliese siineys will yield more accurate 
\alncs for acceleration due to grasity. 

Range Safety 

Development of safety equipment 
has inos’cd along with the gross th of the 
range itself. Originally the range safety 
officer watched the missile rise against 
a lertical reference of a |5lumh line. 
Now the safety system has reached a 
degree of sophistication matching otlier 
iiistnnncntiition. 

Safety systems coi cr two time ]jctiods 
during a missile-firing: 

• Zero to tlircc seconds, during wliich 
the niissile is lifting sertically and any 

cutoff and a cr.isli back on the jjad. 

• Tlitce seconds to bnmont, during 
which any cutoff must be prcdicitcd on 
tlie impact point of the aborted missile. 

Tlic first system was the personal ob- 
senation technique. e.iUcd an o|>cn 
sky .screen; second uas an n|itical sky 
screen, with tlic liuman eye aided by 
a scope with internal references. Next 
came monopulse radars to measure 
dciiations from vertical. I'oiirtli svs- 
tom was Elsie (ELSSE: electronic 
sky screen equipment) nliich uses a 
|)hasc comparator on two pairs of 
radar sets at right angles, one pair 
watching the azimuth and the other 
the programming turn downrangc. This 
is the current system. 

Heart of the system for the second 
time period is an impact prcdicatnr 
consisting of three unih: a C-W radar 
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HOW HOT 
IS THE MISSILE? 



Problems of temperature determination arc re- 

surge upwards— and materials approach their 

cnco of infrared radiometry is the only way 
to accurately measure the tcinperature of 
moving or remotely located objects. A 4" 
Barnes OptiTherm* Radiometer, for example, 
reacts to temperature changes as minute as 
0.05°C in as little as i6 milliseconds; its field 
of view is O.S x 0.5 degrees (equal to a spot less 
than 1" square at 10 fecc)-and there b no limit 
to the distance over which the temperature of 
an object maj’ be measured. 

Barnes’ engineers welcome the opponunity 
to discuss your temperature measuring prob- 
lems with you. Barnes is prepared to equip you 
with any or all of the instrumentation needed 
for infrared systetns; complete radiometers, 
detectors, infrared sources and controllers, 
preamplifiers and amplifiers. 

Your inquiries will receive prompt attention. 

BARNES ENGINEERING COMPANY 


‘Trudenmie applied for 

Infrared Synevis and Componems •Process Control Equipment 



for tracking, a computer iiiid a display 
device, whicli comprises botli plotting 
boards and cathode tav tubes. It 
shows the range safct\ officer where the 
luissiic is and where it \tould fall if 
the power were to be cut at that par- 
ticular instant. 'Iliis system will be 
completed shortly and is waiting for 
n building now. 

Joint Operators 

llic combined operation of the i.mgc 
by Pan American World Airwavs and 
Radio Corp. of America has been in 
effect only about three years. ''During 
that time,” said A. L, Conrad, man- 
ager of RC.A’s Missile Test Project, 
"Very few rounds have been delayed 
or abcirtcd due to ranee opcraticins. 
This is good, because the time stale 
of the programs forces us to take range 
equipiiient from dcrclopmcot str.iiglit 
into field o|x;rations without any time 
for shakedown." 

Relations hetsreen Pan Amaican, 
RCA and US.Al'' ate formally clear. 
Pan American i.s charged with adminis- 
tration. sii|>port, maintenance and 
hmi.sckec|)ing of the range: RC.A docs 
the tcclinit|i!al work of data gathering, 
reduction, piiofo |3roccssing. report 
writing. Both rcjjort to the tenter 
eoinniandcr through his Dcpiits' Com- 
mander for Range. Col. Paul W. 


RC.A engineers begin work shortly 
after a contractor’s tc-st proposal arrives 
at the center, collaborating with the 
ihissile project officers under Col. Sands 
.iiitl the engineers in Col, Cooper's or- 
ganization, developing instrumentation 
lequircmcnts. figuring budgets and 
plans for the tests and evaluating the 
proposals from a technical view. RCA 
monitors the tests and delivers the re- 
duced data to the Air I'orce; the end 
product of RC.A actir itics on tlic range 
is a final flight test data report. 

\Vhen the combined operations of 
tlic range began, some test flights took 
weeks to get reported; in one extreme 
case the delay was 135 days, .Average 
time to produce a final data report now 
is beriscon lU and 12 days, according 
to Conrad. 

Improved Maintenance 

Maintenance of tlic instrumentation 
is under control, Conrad reported, c\cn 
though it is complicated by the com- 
bined humidity and Siilt water corro- 
sion at the stations. Better supply sv^ 
terns and better programming bas e con- 
trihoted to inaiiitcnancc improsement. 

RC.A keeps scscral teams of mainte- 
nance inspectors roving the range, 
eiicckine on station techniques for re- 
pair ancT overliaul. 

One difficulty was that RCA found 
no as-biiilt drawings of the equipment 
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when it took o\cr. T'lierc were draw- 
ings sliowiiig what the original designers 
had in mind, but there was little rela- 
tion between that and the piece of 
equipment as it stood on tlie eonerctc. 
So one of the major projects was to 
prepare a complete set of as-built draw- 
ings; that has been done. Drawing 
standards, conspicuous by their absence 
in tlic center blueprint and Ozalid 
files, ha\e since been set up to the 
RC.A system. 

Missile Test Program 

A contnictur with a missile test pro- 
gram in mind approaches tlic center 
with a formal, thick document delineat- 
ing the program requitcnicnts. 'I'his 
bluc-co\cred Test Requirements Hand- 
book serves the contractor both as a 
guide to file center capabilities and 
an outline for his test series. 

In its pages are complete descrip- 
tions of the nmge. instrumentation, 
operations, data gatliering and reduo- 
tioii. and everything else he needs to 
know to plan adequiitcly. Tlic back 
of the handbook contains a sheaf of 
blank forms in standardized layout 
which the contractor uses to explain 
and justify liis test plan. 

Sands, his project officer and test 
engineering group review the com- 
pleted handbook, and as the test re- 
quirements become firm, pass them to 



This is interstate's verni 
with its vernier drive sector gear, bath c 
for the missile program. By responding to a sensing 
mechanism, the cyilnder hydrauticaiiy actuates a control 

Built to withstand a minimum of 200,000 cycles of 
operation, this actuating cylinder Is representative 
of Interstate's top-quality precision work. The 
hydraulic actuating cylinder has application 
wherever you want to 
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FOR PEACE. OR VICTORY! 


ENGINEERING 
CORPORATION 
22S0 £. Imperial Highway, 
El Segundo, California 
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it there's the 120 Wirewound IPIMPOT , with features c 
other BOURNS T^PBTS. It's o 25-turn p 
and weighing only 0.1 oz. Rectongulor in shope, it fits readily ir 
ature electronic circuits. You con mount it individuolly, or stack it compactly 


other TmMPOrs. 

The self-locking shoft holds stable settings under extreme environmental 
conditions. All parts ore corrosion resistont. Every unit is inspected 100% 
lor guaranteed specifications. Resistances: 10 to 20,000 ohms, with resolu- 
' IS os low os 0.2%. 


ilii 

130 TmMPOT 
-SoUerLug 

ipsH 

132 T^R 
- Variable Reiiilor 

209 TmRpoj 

160 TmMPOT 

-HigbTeaptrature 

230 TmMPOT 

-HnmiJilj-proof 




Write hr lileralHtiB'i the BOURNS TmMPOT line. 

0URN5 LRBORRTORIES 

General OHIcest 613S Magnolia t 


The Cciitraf^^mnwUr 
contractor’s proposal is tlic Test Siip- 
ix>rt Platt, a fat folder of detailed test 


completed, t! 
Prclimiiiarc- , 


data evaluation is done 
under Sands' ccinttol, because in this 
early feedback of the data can 
sed to check the adcciiiacv of the 
and indicate what miglit he 
deleted front the opctiitioit. 
6555th GM Squadron 
About 1 sO officers atid etilistcd air- 
men make up the 655;th Guided hfis- 
silc Squadrott. a coittbinatiott of a train- 
ing atid .sitpport opcratiim. 

Under Capt. R. W. Cullctt, the 
Sqitadroti rC|)orts to Col. Sands as a part 
of tlic Cctitcr's test operations. 

is research and dctclopitient testing: 
however, it uill trait) initial cadres for 
US.\1' missile .squadrotis. It docs not 
form "package" itiissilc outfits com- 
|xtrablc to tlic .^rtny system. 

ccts have beeit made bi' this seiuadrrm. 
for one missile non' operational uitli 
US.\F. the bsT^th modified in one 
way nr another all the grontid handling 

ment. and the test progratn. For 
cx:ttn])le. all lacnmti tubes were re- 
moved from the field ehcckout gear 
to elimiti.itc the uticertaintic.s of their 

"’^Before a USAF missile is released 
for prodnctioit. the 65??th has run 
tliroitgh the complete field sequence 
with the bird and its equiptticnt from 
receipt of the disassetnblcd unit to 
a firing. 

After the missile gets into field use. 
the squadron still may be actiic when 
field troubles dcs’clop. Missile improve- 
ments b\' the contractor, cither on his 
mill or spurred bv Unsatisfactory Rc- 
jjorts from the field, mean a further 
firing program- Tliis is generally as- 
signed to the 6555th, 

Shakcdoivn of the contractor man- 
uals for missile erection and mainte- 
nance is another important fimction. 

Lt. Col, Cnst Askounis’ 6550th 
Operational Squadron chases missiles, 


for safets', and d 

Askoiinis and his pilots fly jets, trans- 
|5crts, cargo planes, helicopters, am- 
phibians and old bombers, a total of 
about 50 airplanes of around a dozen 
different types. 

\ typical nronth finds the squadron's 
C-5-fs ferrying a half-million pounds of 
special cargo downrange, and flying 
aW)ut three-quarters of a million passen- 
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To serve America . . . 

Topp-HRB has over 160 scientists & engineers 


(including 30 PhD’s, 60 MS's, 73 BS’s) 
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Auxiliary power units 


designed by Kidde 

\ 

\ 

\ 

\ 

\ 





\ 

\ 

built by Kiddei 


FOR TEN YEARS, Kidde has been engaged in monotuel auxiliary 
power unit research programs which have resulted in the develop- 
ment of light weight, reliable and self-contained auxiliary power 
supplies for guided missiles and piloted supersonic aircraft. 

Today, production models are being manufactured while more 
advanced models arc in various testing or design stages. These very 
high speed turbine driven units can supply closely regulated power 
for electric, hydraulic and other systems. They are relatively free 
from the effects of changes in attitude and ambient conditions and 
can be made environment free. This permits airframe builders wide 
latitude in systems design. 


Long-time specialists in the development and manufacture of 
pneumatic systems and components for aircraft, Kidde has a large 
and experienced staff of graduate engineers exclusively engaged in 
auxiliary and emergency power supply projects. 

Tell us of your auxiliary power requirements. Kidde is prepared 
to design and manufacture equipment which will meet your 
specifications. 


Walter Kidde & Company, Inc., 81 8 Main St., Believille 9, N. J. 
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Downrange Life Is 
Work and Hobbies 

Grand Bahama Island, BWI— A 
dozen scientific outposts on as many 
islands mark the downrange stations of 
the Air f orce Missile Test Center. 

On tliem work an order of scientific 
hermits, employes of Pan American 
World Aitwavs and the Radio Corpora- 
tion of America, joint operators of the 

These technicians man and main- 
tain the complex optical and radar 
tracking systenvs, cameras and tele- 
nretrj- ground stations tiiat gather and 
record the mviiad test points during 
a missile Sight. 

llii.s island is a tj’pical station. Y'oii 
land on an airstrip hacked out of coral 
rock bv the Asiation Engineers and 
drive a few hundred yards to the base. 
A handful of low white buildings 
spreads around a parched plot witli a 
flagstaff at whose head fly the Anterican 
and British flags. 

Inside the buildings, the life of a 
|)ost-shoot day drones quietly. Tech- 
nicians. up until early inomirm with a 
sick missile, sit through the coffee break 
on the shaded porch of the mess hall, 
reliving tlie firing and unwinding the 
tension of last night. 

The Quick Tow 

A tour of the base takes five minutes 
-longer if you stop to look at the hous- 
ing and talk with tlie men who arc 
auake at this liour. lire dormitories 
are laid out witli a long corridot-porcli 
along one side. Double rooms Iciid off 
tlic corridor, with a bath behveen eacli 
pair of rooms. 

In one room arc the hvisted wiring 
and pnamided bo.ves of a hi-fi svstein. 
An case! witlr an unfinished oil deco- 
rates one comer of the next room: air- 
plane and other models brighten a 
third. 

M'ork and sleep and cat. hobbies and 
athletics: that about sums up the life at 
one of these downrange stations. But 
that’s II dull summation. The work can 
be a.s exciting as it is necessary to the 
success of half a dozen missile programs. 

Sleep is sleep, anywhere, and food 
is unusually good, doffee is on tap 24 
hours a ^ay; box lunches— with the 
tliickcst sandwiches yet seen-go out 
to the tracking sites after hours. Pan 
American's commissair runs the mess 
hall and produces 65(J meals each day 
from an efficient kitchen. 

Island Hobbies 

Tliere is a skin-divers’ club, and a 
flying club-which at one time had five 
planes on a homemade strip— tools of 
the base carpentry and machine shops. 
Fisliing is typical of the Bahama Banks 


Here's ALL-ANGL Reliability 





MISSILES 


The atfiTucfe gyro of North American Aviation’s 
F'lOO Super Sabre must give reliable indication 
through every flight attitude ^ or the pilot won't 
know which way Is up. 

That’s why ALL-ANGL Barry Mounts are chosen to 
protect the delicate sensing relays in the interlock assembly 
for this vital instrument. Close-tolerance operation in all 
attitudes demands the certain isolation of vibration — 
assured by ALL-ANGL Barry Mounts. 




Two oddad advantages result: 

I.Sizc of the unit is cut 40% by 2, Short leads replace long ca- 

inlep’uling ALL-ANGL mounts, bles because the Barry Mounts f.ioes-wsoB™ 

upside down, in the base plate, float the assembly within its case. 

When your problem is protection through all flight attitudes, your 
answer is AlL-ANGL Barry Mounts, Write for Data Sheet *56-01 
giving detailed information. For recommendations on specific problems, 
call your neatest Barry Sales Representative. 


rn OrvIsloR, in Butbanl, C 


BARRY 


CONTROLS 

SALES REPRESENTATIVES 
IN ALL PRINCIPAL CITIES 


715 PLEASANT STREET, WATERTOWN 72, MASSACHUSETTS 
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WHY MAKE A GOLD PLATED GYRO? 


Not only is ordinary tin plating or tin {using 
diificult to solder, but it has been iound to 
grow extremely fine whiskers as long as 
% of an inch— even in controlled atmosphere. 
These hazards are obvious to critical bear- 
ings, potentiometers, and other delicate parts. 
That is why all Whittaker gyros are encased 
in gold plated cases. 

Not only does gold plating make the joint 
easier to solder— but it provides a protective 
finish for the entire instrument. Service costs 
are reduced because the gyro is cleaner and 
better protected against corrosion, 

The cost? Actually, Whittaker's gold ploting 
does not increase the price. 

This important plus... as well as 100% inspec- 
tion tests on all production... has resulted in 
a customer rejection rate of consistently less 
than 2% for all Whittaker gyros. 

We will be happy to apply this devotion to 
quality to any gyro problems you may have. 
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arci: when tlit;- bite, there arc big 
ones and lots of tliein. There are movies 
se\’cii nights a week. 

W'ith all tills, the men arc paid 
salaries comparable to industry’ rates 
hack home. They also get a 30% ovcT- 
sciis boiHii. extra vacation time (one 
month after two years’ service with 
RC.-\), home iea\cs on hridass and 
Mnndavs to straddle ,iiid include tlie 
weekend. After IS months out of the 
U.S.. tlics' can get a refund of all the 
income tax paid during that time. 
Board and rocmi are free. 

I'lictc is not much to spend the 
monm- for. cither. There is a Club 
Rende/:\ous. wlicrc liquor is ehcap, 
but in a elnscd community like this 
one tlic hard drinker is soon returned 
til the mainland for reason. Sii men stay 
sober tomorrow niiglit be a tough day. 

'nicrc's no stipuhited work week; 
the men have to be ready for duty at 
anv time. If tlicv work for RCA. the\' 
have a inininiuin as.signment of one 
se-ar dimnrange. If they arc Pan 
American employes, the assignment is 
considered pennanent. 

Managing the Base 

Manager of the base is Russell Reed 
of Pan American. Ilis rcspoiisihilitics 
include housing, feeding and support- 
ing all personnel, administering tlic 
base, heading up the data gathering 


crews, and inoiiiluting the work of the 
tecliiiicians. Russell used to fly for 
Pan American. After being assigned 
licrc. lie flew his own plane to the main- 
land on weekends or days off, but re- 
centh- lie gave that up. 

Base commander is Capt. Arthur G. 
Miller who formerly was a chase pilot 
with the 6550th Support Squadron at 
Patrick, Like liis counterparts at cs-eiy 
downrangc station, he has no troops 
to command, no planes to operate, no 
logistics to provide. Range safety dur- 
ing a firing is his overriding responsi- 
bility. His other task.s include meeting 
emergencies of illness, esacuation, or 
fires; monitoring tlic use and care of 
the Air l-'orcc-owncd instrumentation, 
and as the official represcntatisc of the 
United States Government in a Britisli 
colony, liaison lisits with tlic Crown 
Commissioner. 

Permanent population of this station 
is about 220, with transients occa- 
sionallv bringing the tobil to 250- 

llicre arc two women on the base, 
wiles of teciinieians. Women can 
come only to a lery fen of the dnwn- 
raiige sites, and then onh- with special 
reason. .All natives arc off-limits to the 
men. But down at the M’est End. 
there is a resort where occasional plane 
loads of school teachers and secretaries 
land for vacations, 'llic resort is not 
off-limits. ■ 



Auxiliary 

Power Scroll 

and 

Nozzle Assembly 


Typical of McGregor's skili in sheet 
metal fabrication and machining is 
this Auxiliary Power Scroll ond 
Nozzle Assembly manufactured for 
one of the nation's leading Militory 
aircraft. 

For over a decade, McGregor hos 
been one of the leaders in the design, 
development ond manufacture of vital 
sheet metal components for the oir- 
croft Industry. 


Our experience hos included such 
inlricote ports os power recovery 
nozzles, duct ossemblies, rocket 
components, heoT exchongers, etc., 
oil monufoctured to strict AMS 
specifications. 

All our welders ore government 
certified ond we hove the iotesi zyglo 
equipment for the inspection of non- 
mognetre olloy ports. Strict quality 
control is molntolned during the entire 
monufocturing process. 

We will be pleased to work with 
you on your fabricated sheet metal 
ond machined ports requirements. 


Write today lor our iiiustrofed focriities catalog 

McGregor MANUFACTURING CORP. 

2975 EAST MAPLE ROAD • BIRMINGHAM. MICHIGAN 


DAMAGE 

PROBLEMS 

in transport 
or storage 

SOLVED! 


By Honold — engineered and 
fabricated reusable aluminum 
alloy shipping containers. 

Shock, vibration, dust, humidity 
and temperature are engineering 
and design chollenges successfully 
met by Ludwig Honold light 
weight aluminum alloy contoiners. 

Now being used extensively for 
missiles, jet engines, tronsmissions, 
helicopter biodes and delicote 
instruments in the aircraft ond 
electronic Industries. 

60,000 square feet of complete 
facilities for oircroft sheet metol 
fabrication, engineering, resting 
and quality control. 

LUDWIG HONOLD 

CHESTER PIKE 
FOLCROFT, PA. 

Phone: LUdlow 3-6800 
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COLLINS RECEIVER / TRANSMITTER 


LEADS THE 


/■ 

70 /^- 


PROGRAM 



Superior accuracy and reliability characterize the 
rugged ARN-21 (XN-IOJ developed by Collins for 
the Navy Bureau of Aeronautics. The accuracy of this 
TACAN unit is above that of test equipment normally 
used’for military electronics. Precise information is 
assured by greatly advanced bearing and distan^ 
circuits. Pressurfted for very high altitude, thej^ 
Receiver/Transmitter features improved cooling 
and modular construction for ease of maintenance 
and packaging flexibility. Collins ARM-22 
TACAN test set, also developed for the 
Navy, is of the high order of accuracy 
the TACAN equipment demands. 
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Holloman Evaluates Missile Systems 


By Ir>ing Slone 

Ilolloiuau AFB. N. M.— .\ Iwttcry 
of new test facilities aimed at nieel- 
iug exacting development rcqiiirc- 
incnts of missiles scheduled (or the 
Air Force arsenal is being acquired by 
ARDC's Holloman Air Development 
Center. 

Tliesc new facilities will give Hollo- 
man a kev role iu missile dciclop- 

• A closed-shop iu-fliglil pcrfunnancc 
analysis system which will automatically 
compute aiul send immediate corrccfiie 
responses to operational signals from 
a mis.silc .so flight niav continue under 
new test coiiditions. Tliis |>recisc test 
control will cut down the number of 
proving flight.s requited for a missile. 

• A 35,0OO-ft. captive-missile test track 
on which missiles and missile compo- 
nents can be sled-carried to discover and 
eliminate "bugs’’ before actual firings, 
llie gnswiiig com|)lcxity and lligh cost 
of missiles will demand increasing re- 
liance on this type of pre-prm ing facility 
to sa\c botli inonev and time. 

• Captive-missile test stands which will 
accommodate tlic largest missiles being 
built todas. Operation in these sbific 
stands will rcs’cal .system defects in a 
relatis’cly incxpcnsisc procedure which 
does mit expend the missile. 

• A solar himacc to create very high 
temperature conditions for realistic 
study with basic materials and other 
factors related to missiles. 

Other facilities are under study. 

How HADC Helps Industry 

Dcs|>itc tlic projected growtli and the 
aceuiinilation of knowledge wliieh will 
accompanv it, Holloman will not be- 
come an independent dcsclopcr of- mis- 
siles. The center will continue to rclv 
on industry for design and fabticatiim 
of the missile, using its facilities onlv to 
test and cs-aluatc. Holloman’s manage- 
ment talent will be directed at assisting 
the contractor in the interpretation of 
military requirements and projecting 
requirements of future weapon svstems. 

Some 26 major contractors now arc 
testing here. Tlicy include Bell, I.ock- 
hccd. Douglas. Ryan, McDonnell, Coii- 
vair. Hughes. Radinplanc, Goodvear, 
Martin and Aerojet. 

HADC’s Directorate of Research and 
Dcsclopmcnt w-as established onlv last 
May. It is beaded bv Lt. Col. John 
IJcmans. Its function is to sponsor 
research and dcsclopmcnt in missile 
systems. It also lends scientific support 
to contractors whose missiles ate being 
tested at Holloman. 

Big item in the directorate’s projected 



CAPTIVE OQ-19 TARGET OROSE ON 3,600-FT. TRACK 
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Brig. Gen. Leighton iro Davis, Com- 
mander, Holloman Air Development 
Center . . . ARDC’s first ormoment di- 
rector , , . ARDC Hq, posts from 1951 
until he took command of HADC in 
September 1954 . . . groduote of U, S. 
Military Academy. 1931 . . . Director of 

1942 . holds Institute of Aeronau- 

tical Sciences' Thurmon H. Bone Award 
for work in developing jel fighter fire 
control equipment . . . held engineer- 
ing, bombing, ormoment ond research 
posts at Wright Field ond commonded 
Office of Air Research there in 1949 
. . . became Deputy Commandant and 
loter Commandant of the Air Force 
Institute of Technology . . . holds 
Legion of Merit with Ook Leaf Cluster, 



pliins is the improvement in missile 
fliglit testing teeliniquos llirougli tlic 
use of a novel ''real-time" elosed-loop 
pcrfomiatice analysis system. Isx|3ectccl 
to be ill operation in 1Q5S, the installa- 
tion will eost approximately 58 million. 

Thc system will tcdticc tlie nmnfxir 
of flight tests required to obtain desired 
engineering iiifiinnation and permit ex- 
tension of missile flights into regions of 
tmccrtaiiity without immediate loss of 
the weapon. ,Ls a testing proeednre, it 
is aimed at jirmiding corrcctisc design 
data, r.itlier than detection of gross, 
basic emits, sueh as in assembly. 

Under the command of Brig. Gen. 
Leighton I. Davis, three principal or- 
ganizational elements conduct missile 
tests; 

• Directorate of Rcsciitch and 15e\cloi> 

• Directorate of Ballistic Missile Test. 

• Directorate of Aircraft Missile Test. 
'Man in the Missile' 

rhe "real-time’’ feature of the sys- 
tem is that computer ;uialssis of mis- 
sile pctfomiaiice is conducted rapidly 
while tlio missile is in fliglit. This fea- 
ture, plus the doscd-loop capabilih’, is 
equivalent to "putting a man in Hie 

New test amdilimis, liascd on the 
computer’s auah'sis, can be established 
and test variables changed iihilc the 
missile is in tlic air, much tlic same as 
a test pilot would control fliglit patam- 

It is estimated tliat time for a closed- 
loop analysis of one clement of missile 
performance will be of the order of i 

This approach to missile testing will 
require test engineers to devote much 
greater effort to test planning. Preflight 
test requirements also will be increased 
to prosndc the more accurate and ex- 
tensive data needed for flight test plan- 
ning. 

The real-time, closed-loop perform- 


ance anali-sis system will receive flight 
test information from missile telemeter- 
ing equipment and ground instrinncnta- 
tion such as radar and iitlier tracking 
desiccs. I'liis will be converted and 
tninsfonncd by computer equipment. 

l'’,qvh]iment will consist or telemetry 
receivers, analog-to-digital cumerters 
and other electronic units which will 
assemble tlic information and feed it 
to two high-speed digital computers- 
thc licart of tlic installation. 

One cumpiiter will reduce data while 
the utlier docs tlic performance analy- 
sis in eonjonetiem witli analog com- 
puters and simulation equipment. 

W'hcii |icrformancc cliaracteristies are 
being analyzed, signals will go to the 
missile through a transmitter so test 
parameters can be clianged immediately. 

Until the new system is ready, the 
directorate is using an elaborate analog 
computer system and flight simulation 
equipment for support of missile test- 
ing in the |ireliminary ground phase. 
Design studies arc clieckccl by analog 
coniputor and actual liardw'.irc is 
clicckcd bv plivsic-al siimikition equip- 
meiit- 

Rocket Test Vehicles 

Rig part of the directorate’s work is 
development of rockct-piiwcrcd test 
lehiclcs for cheeking guided missile 
components under conditions of accel- 
eration, vilinitinn, tcni]ieraturc and pres- 
sure .similar to those which would be 
eneoimtcrcd in flight. 

Ill effect. S chieles are themscis cs inis- 
sile.s especially designed to carry test 
instrumentation. Gcamctiy of the test 
scbiclc resembles that of the guided 
missile whose components arc to be 
elieckcd. 

Two h'pes of test vehicles arc used — 
free flight tvpcs and captive units for 
uiimntiug on a track sled. 

Duration of test vehicle operation is 
less than that of the normal flight time 
of an actuiil missile but of siifBcienl 
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CHEMICAL MILLING PROCESS 




NEW USCM PLANT 

EXPANDS CHEMICAL MILLING CAPACITY 

Here Is USCM's spacious new plant just completed at Manhat- 
tan Beach, California — a 36,000-square-foot building, fully 
equipped. plus a battery of chemical milling tanks, on a 714i-acre 
site affording ample room for expansion. This new SSOO.OOO 
plant now enables USCM to handle an increased volume of 
chemical milting work on a subcontract basis. 


Chemical milling— the controlled 
removal of metal by chemistry- 
has broadened the horizons for 
airframe and missile designers. 
Complex contoured shapes, cones, 
spheres, sharp corners— designs 
difficult or impossible to handle by 
conventional machinery methods— 
are simple assignments for USCM. 

By masking the part to be treated, 
then immersing it in an etching bath 
for a precision-timed period, the de- 
sired pattern is attained. 

United States Chemical Milling 
Corporation, national leader in this 
new held, in less than two years has 
numbered among its customers vir- 
tually every major airframe manu- 
facturer in the United States, 

If you would like more informa- 
tion concerning the application of 
chemical milling to your design and 
production problems, consult with 
the USCM engineering department. 
Or write today for our Technical 
Brochure. 


UNITED STATES CHEMICAL MILLING CORPORATION 

1700 Rosecrans Avenue, Manhattan Beach 1, California 
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HOLLOMAN PERSONNEL attach I'alcmi aic-to.aii giiidcc! misvilc to its laoiidi nlrcijit 


length to gne rc.^ilts tli.it arc dedred- on ballistic missiles coming info the 

Sonic of tlic dircctor.itc's work i.s con- ;\ir I'orcc im tiitoiy. Most of this «ork 

ccriicd with Air I'orce fcnsibiliti studies n ill f.ill under tlic jurisdiction nf the 

for future niis.silcs. If also supplies con- Ditcctor.ite of Ballistic Missile Test, 

Milting sctiiccs to the .\ir I'Orcc for headed In Col. C. I.. Butler, 

advanced scientific pnigranis. One of the directorate's ke\ inshilla- 

The directorate now has a staff of tioii.s will be tlic ss,000-ft. taptivc-niis- 

aboiit ()0 scientists. Tluit nunilicr is silc tot track, .scheduled for completion 

expected to be more tliau double witliin in September I9>7. It will lie an e.xtcn- 

tlie next two years. The staff now in- sion of Ilolloman's s.500-ft. track .ind 

eludes many former Ceninm scientists will lie located on terrain wliieli will 

who were associated witli tlic \'-2 pro- allow it to be extended to nser 100,000 

gram during \\'otld War II. l ifteen ft. if longer stretches beenme ncccssan.'. 

staff members have PlilX The track will be a tot tool on which 

Because of its unique gcngrapliical siiock and accelerations ex|)crienced in 
location and the new facilities it will actnan.imiehings and velocities attained 
opcr.ite, IIADC will see increased work in free fliglit c.m be duplicated by sled 




for complete 
testing of 

aircraft components 



olfliHal dualliicalion. 

Write ior booUeo 

"How Aeleo con fieJp you" 


AIRCRAFT EQUIPMENT 
TESTING COMPANY 


1806-12 FLEET STREET 
BALTIMORE 31, MD. 


America's First Independent 
Aircraft Testing laborotory 
Hydraulic, pneumolic, eleclric (^00 
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speeds security . . . 
with the heip 
of Burroughs 
computation 


Burroughs m ij 

The /^remosf Name UjiH ^ ' 
in Compufafion 


Briery, SAGE does this: employs rodor and electronic 
digital computers to detect and identify opprooching 
enemy aircraft; determines appropriate defensive measures 
such os antiaircraft weapons, missiles, or intercepting planes; 
guides missiles and Interceptors to the target and then 
returns planes to their home base. 

Burroughs has the SAGE job of helping to speed the 
correlation and translation of warning data through auto- 
matic computation. This entails research, development, 
prototype design and engineering, production, installation, 
training and field mointenance. 

Here is just one of mony significant Burroughs contributions 
to defense in the areas of instrumentotion, control systems, 
communications, electronic computers, doto processing, And 
on the basis of our proved skills, facilities and experience, 
we welcome further inquiries regording defense contracts. 
Call, write or wire Burroughs Corporation, Detroit 32, Mich. 

INTEGRATED BURROUGHS CORPORATION DEFENSE FACIUTIES INCLUDE; 
Burroughs Corporation plonts in Detroit and Plymouth, Mlchigon 
Burroughs Research Center, Paoli, Pennsylvonia 
BectroDato Division, Posodena, Californio 
Control Instrument Company, Brooklyn, N. Y. 

Electronic Instruments Division, Philadelphia, Pennsylvania 
Electronic Tube Division, PiaInReld, N. J. 

The Todd Company, Inc,, Rochester, N. Y. 
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runs, eliminating tlic costly and time- 
consuming firing of individual missiles. 
The 3 ;,000-ft. stretch svill permit longer 
periods of data recording at speeds con- 
sidcnibly higher than those attainable 
on siiortct tracks. 

Speeds Up to Mach 4 

Initially it is cx|X'ctcd that speeds be- 
tween Math 3 and 4 will be attained, 
;ind aceck'Ritions up to 50Gs- Studies 
of effects of deceler;itit)ns in excess of 
ZnOGs ate planned. 

Components of ballistic and other 
ts|3CS of missiles, including guidauce 
systems, fuel )3umps and tanks, will be 
sled-inoimted to determine how they 
resist the forces imposed hy simulated 
lannehing and flight. 

I'or simulating aerndynamie heating, 
the skin ;mcl structure can be prchc;itcd 
before the sled is launched to see if the 
asscmblv holds together during the sled 

TTic track sled ssill be able to accom- 
modate complete small missiles. Coii- 
eeis’abh' it would he possible to mount 
j large missile, too. hut this is not in- 
cluded in the immediate planning. 
Captive Firings 

Initiallv tlie track svill not be used 
for firing sled-mounted missiles but cap- 
tive firings arc planned for the future. 

T'o ininimiye clicking effects of 
track joints on sled instminentation, 
tr.ick lengths ss ill be welded and ground 
smooth to make Ifl.OOO-ft. scetion.s, 
joined bs' bolting. Track gage ssill be 
7 ft. and weiglit of rails will be 171 Ih. 
|)cr yard. The sled ssill be stop[X'd by 
ss ater hr, iking. 

Static Test Stands 

k'niit .static test sbinds will be con- 
structed at Holloman to test large bal- 
listic missiles. TTie mis.sile. held eaplise 
ill the test stand, ssill be operated as if 
it sscrc being laiinthcd for free fliglit. 

In this ss’ay test results ssill be ob- 
tained svith the missile held intact for 
inspection, replacement of eoiii|>oiients 
and cniitiiuied testing. 

r.scrs item of etpiipnient on the mis- 
sile can be cheeked in .such a static fir- 
ing. Rocket engines cindd be cheeked 
for thrust, fuel ssstem opCT.itirai ob- 
sersed. gnidaiice system and other elec- 
tronic eom|i(incnts o|)erated under evni- 
ditions of firing .sliwk and vibnitinn. 
Ks’cn structure could be checked tor 
lesistance to shock. 

Considering the great cost and com- 
|)Icxity of large ballistic missiles such as 
the ICBM and IRBM, repetitive pre- 
proving in the static stand ssill bring 
tremendous economics and sas e saluable 
time before the missile type is approsed 
for fliglit status. 

A powerful ness- tool ssTi'ich probably 
ss ill be used bs' the Ballistic Missile Test 



TECHNOLOGY INSTRLMENT CORP. 


...FOR 
DESIGN IN TRIMMERS 
SPECIFY THE 


in RFT 
METLFILM 


cw clc#i;in5 for inJuflrlal and mill- 

, , , , U'll foalurcs of a iriiimicr jmtrntin- 

nu'lcr into llio modern ilc-'ian of die ilinimulivv HFT. .Vdsam-ed de-ign i-sleiids 
i'ruiii ils coiin'ael, rupjreil ra-e In iHe res'*lulionury iiu-lallir film rcai:ifanie cle- 
iiu-iil. Tile simplli-ily >4 KKT ile-ian also iiiake= poseiblc produclion and delivery 
at a rale uiiciiualU-if in die induslty. 

Size, aeeuraey. and .efaliilily — I'-'sendal eharaeterUdes of trimmer polendo- 
IMCti-t eoadiiiit-d ill die l<iiv-rM:-l RFT. .Sppliejl>le .i- .idju-t.ddc re-ielorr or voUaac 
ilis iiiiT'. die KFT provide- inlinilo re-<duti<iii ... wide li-mperaUire ranee (— 55^C 
lo -!-l-5°fi) . . . Inie iitinialurc size (7 can be slacked in a square incli) . . . and 
wide resislancc range (.30 ohms lo 2.>K). 

«e and slainless steel 
. [itecious melal cunlaets . . . and light sveight 

• Balancing adjuslmenls 

• Critical biasing 

• Trimming circuit voltages, currents, or resistances 

• Padding 

• Fized gain adjustments 

• Critical threshold vQllage adjustments 

• Varlble parameter compensation 


bilily . . , and eoiiipjel, 
iiKideni design proside 
sersalilily b-r wide .ip- 
plioaliou of die RFT 
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PROPELLANT ROCKET 
POWERPLANTS FOR MISSILE 
AND AIRCRAFT APPLICATIONS 
AEROERAXE THRUST 
REVERSER (SKECMA) 
AUXILIARY POWER UNITS 
AND CAS GENERATORS 
ELECTRONICS AND 
GUIDANCE 

ORDNANCE ROCKETS 
EXPLOSIVE ORDNANCE 
AND WARHEADS 
UNDERWATER PROPULSION 

ARCHITECT-ENGINEER 
SERVICES FOR TEST 
FACILITIES 


OUALITY CONTROL FOR ROCKET ENGINE RELIABILITY 

Todoy, as never before, rocket power is 0 dominant militory requirement. Aerojet- 
General propulsion devices are used from Pole to Equotor, They must operate with the 
flick of 0 switch at any altitude, any attitude, over extreme temperature ranges. 

But the price of optimum reliability is maximum vigilance. Al Aerojet, this meons 
the uncompromising control of every chorocteristic of every engine, every component 

There are no short cuts to certainty. Aerojet uses oil the techniques of modern 
quolity programs — new-design control, acceptance sompling plans, statislicol onalysis, 
quality auditing. In actual test-firings of complete rocket systems. Aerojet hos spent 
over six million man-hours since 1942. 

The results ore unique In the rocket propulsion field: Aerojet products in fiefd use 
hove on overall measured reliobilily of 99.<3%. 


AEROJET-CENERAL NEESSt Chpmlcol Ensin««is • CRpmlsts • El«<lr*nlc Enjinesrs • Msclionital Englnters • Pliysirlsti ani Atrgngullisl Englnairs 



CORPORATION 


ASubsidiaryof 
The General Tire & Rubber Company 


AZUSA, CAL.IFORMA 


MORE POWER FOR AIR POWER 
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Ditcctomte in tackling higli tempera- 
ture problems associated witli future 
ballistic missile flight is a liugc solar 
furnace generating temperatures in the 
range of 6,000-8,000 degrees F. 

Reported to be the largest of its hpc 
yet planned, the solar furnace probably 
will be a joint Air Force— -Army-Navy 
project, managed by IIADC. 

-Among otlier things, the furnace will 
be used for this vital research; 

• Investigating behavior of potential 
missile materials subjected to extremely 
high temperatures. Exposure to heat 
u ni be controlled to prevent immediate 
va^rizLition of materials. 

• btudying missile structures under high 
rates of heat transfer. 

■ Duplicating thermal effects of nuclear 
weapons, as far as is possible. 

■A good solar furnace site has been lo- 
cated in mountains about 9,000 ft. high 
some six miles north of Cloudcroft, 
wliieh is near HADC. 

TTic hcliostat, a flat mirror measuring 
about 40 by 100 ft., will resolve and 
follow the suu to reflect its ravs to a 
parabolic mirror about 150 ft. in diam- 
eter. Tlie parabolic mirror will concen- 
trate the rays onto a rclativeh- small area 
to generate the intense heat. 

Research by Balloon 

Another phase of the directorate's 
work is maintaining facilities for launch- 
ing large high altitude balloons for use 
in upper air research done by \5'’riglit 
Air Development Center. .Air Force 
Cambridge Research Center, and 
HADC's Aero Medical Field Liihora- 

-Alrcady the activity lias launched 
more than 400 balloons ranging up to 
172 ft. in diameter. The 172-ft. balloon 
will carry a 550-lb. payload to 117,000 
ft., or a 2,000-lb. pasload to 90,000 ft. 

Next November, it is planned to 
launch a ]28-ft.-diamctcr balloon which 
will carry a man to 90,000 ft. uiierc 
he will bail out and fall free to 60.000 
ft. before his parachute is opened. 
This will be done in support of Inmian 
factors studies being conducted bv 
AVADC. 

Guided Missiles Testing 

Development testing of guided mis- 
siles is carried out by HADC's Directo- 
rate of Aircraft Mis,si!e Test, headed 
by Col. L. Baker. Most of these mis- 
siles arc types carried by aircraft, al- 
though other hpcs also arc tested. 

Related activities wliich the directo- 
rate condiLcts include missile counter- 
measure studies, recovery svstem 
development, propulsion se'ivices and 
photographic scrxices. 

• Missile coimleraieasLire activity eval- 
uates the missile's vulnerability to 
countermeasure techniques and reports 
on jamming susceptibilitv to the Wca- 



Valve Talk 


The Air llesearrh and DcvelopmenI Command undoubtedly 
has B formal motto, but its mission could l>e told in two words: 

“Keep Ahead !” 

I use Ihe exrlaimer delilieralely, for ARDC’s goal eannol be 
staled in a matter-of-faet manner. The driving urgency of its 
mission must lie emphasized as strongly as possible. 

Nor is the vast iielrl of the Command’s responsibility difficult 
to designate. One word suffices: 

“Quality !” 

For too many years quality was subservient to quantity, with 
all improper lialance between research and development on one 
hand and production on the other. 

Ll. Gen. Donald L. Pull, Deputy Chief of Staff for Develop- 
ment, former ARDC eomniaiider, and one of the foremost pro- 
ponents of special emphasis on research and development years 
ago, voiced the need succinctly; 


'T would be ihe last to argue th.-u 
one (quality or quantity) Is more im- 
portant than the other. You have to 
have both- The Air Force is based on 
quality times quantity.” 

In the late 1940's. General Putt and 
a group of far-sighted oflicers realized 
that research and development were 
being submerged within (he Air Mate- 
riel Command because of AMC's great 
size, (be ever-present demand for an 

responsibility for basic scientific and 
technical achievement. 

which equal consideration would be 
given both quality and quantity aspects, 
a separation of research and dcvelop- 

that technological supremacy over any 
potential enemy could be achieved and 


support by the Scientific 
r Board, won tlie historic 


and devi 

mem independence, and ARDC was 
rorniully establialied as a separate 


The results of this decision have 
been remarkable — brillianl is a more 
accurate word — and while many of 
them remain secret, the long list of 
announced achievements under the 
Command’s carefully-considered pro- 
gram cover Ihe gamut of aircraft, 
missiles, equipment, electronics, basic 
research, atomic energy, aerodynamics, 
aircraft design, materials, propulsion, 
human engineering, aviation medicine, 
geophysics, ordnance and armament 
and a variety of miscellaneous pro- 
grams directly related to quality and 
the goal; "Keep Ahead!” 


And in these achievements hundreds 
of non-Air Forte agencies have played 
— and continue to play — a predomi- 
nant role; Airframe and engine manu- 


independent research groups, industrial 
con^anies of many types, plus non- 


such as Naval and Army Ordnance an 
Ihe Civil Aeronautics Administrnlioi 


s withi 


ihes 


> of 


ARDC: The quest for new 
knowledge lliruiigti unalysis, obscr- 

development of new and improved 
Itrovide inaxiniuni efrcclisoness at 
litative superiority of niat'eriol 


headquarters in Baltimore, 
Lt, Cen. Thomas S. Power directs these 
myriad operations through ten major 
centers, and each center has authority 
to procure research falling within its 
field of interest. 

Thus the ever-searching Air Research 
and Development Command, in far- 
flui 


eiopment C 
irdinaiion with indus 
iiher outside agencies, assures superior 
equipment for the Air Force of 


Its programs encourage Indus; 
achievements and scientifle inqui 
that over the years will not only I 
keep American air power in wc 
leadership, but contribute to the ' 

As a small but zealous shureliol 
in aviation progress and this nalh 
future, the Wni. R. Whittaker < 
Lid. pays tribute to Ihe Commi 
for its outstanding achievements i 
for its superb blending of seie 
and technology in continuing exi 
ration of new aerial frontiers. 
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Division of Phillips Pstroleur 
Iractor-Operator of Air Fore 


Central Texas. Projects 


Company Is a progressivi 
with assets of more than o 
Your resume will receiver 
attention, Interviews will b. 
applicants. 




'Th^^bNoUinit: 


Opportunities for 
scientists and engineers 
in rocket development at 
Phillips Petroleum Company 




PHILLIPS PETROLEUM COMPANY 

McGregor, Texas 
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|)(in S>-stciii Projoct (Jfficc at \\'.\DC, 
e Recovery sjstein activity ilcr clops 
tctliniqucs and tqui|>niciit fot recovery 
of airljornc recording units or even 
ciimpletc missiles, so tlnit vital flight 
data niiiv be obtained or missiles re- 
flovvn. 

• Propnlsion services stores aivd liaiv- 
illcs unconventional rocket fuels, serv- 
ices and inspects solid and liquid mis- 
sile propellant systems. 

• Photogra|)hic services furnishes a dot- 
mnentatv record of tlic missile, in tlic 
form of still and motion pictures taken 
on the ground and from aircraft when 
flic iniisilc is in fliglit. 

The dircctotate's main workload is 
earned bv tlirce divisions; 

• Air Defense Mi.ssiles DivLsion. 

• Boinbaidineiit Missiles Division. 

• Drone Systems Division. 

Tales, Sidewinder, Raseal 

The I'alcon air-to-iiir missile is the 
onlv weapon now being tested in the 
.\ir Defense Mi.vsilcs Div ision, although 
otlier missiles arc being phased in. 
Tlicse include the Nav v-si>oiisoretl sur- 
facc-to-air Tabs and the .lir-tosiir Side- 
winder. The Sidewinder will be tested 
with the -Air Force aircraft scheduled 
to mount it in scn icc. 

Boinhardnient Missiles Division has 
testing responsibility for both air-breath- 
ing and rocket-powered bombardment- 
tvpc missiles. Under test now arc the 
surfacc-to-sutface TM-61B, a higher per- 
toniiaiicc version of the NIarfin Mata- 
dor, and a new guidance system for 
this missile. 

Tlic division also is testing tlic air- 
to-sntfacc Bell Rascal, whose launching, 
guidance and propulsion svstems ;irc 
being checked. 

Several Lockliced research test ve- 
liiclcs also are nndcrgohig tests. 

Ait-dtopped uncnmcntional bnnihs 
with miusiial trajectories arc being 
tested also. Most of this work is done 
for other ARDC activities because of 

Holloman's speciallv suitable range and 

'Hustler' Components Tested 

Work liciiig done for other ,ARDC 
installations includes component test- 
ing for new aircraft, such as tlic Con- 
vair XB-58 "Hustler" weapons svstem. 
Some of this testing is done in the air, 
some on the track. 

Several supersonic experimental tar- 
get drones arc being tested bv the 
Drone Systems Division. 

Testing also is scheduled for tlic 
XQ-28 3ronc. a modified version of 
tlie operational Rvan Q-2.A Fircbcc. 
Refinements in tfic XQ-2B include 
mom wing area, improved control sys- 
tem and a higher altitude capability. 

Holloman’s location in a vast desert 
area surrounded by mountains makes 



AMF TURBO DIVISION 

1044S GLENOAKS BLVD. PACOIMA. CALIFORNIA 

Fhene: EMplte 9-2S31 TWX: San F«nvand« Cal 7464 
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Motab/e 

Acfiie\/ements 

atJPL 


REALISM IN VIBRATION .. .Recognizing that it luas necessary to 
prooide a slmiitalcd missile-flight vibration environment far more real- 
istic than heretofore available the Laboratory developed high power, 
tcide-band, complex waveshape vibration testing equipment. 

This has made possible the development of components and pack- 
ages of greatkj improved reliability. 



New Techniques for Component Reliability 



Wide-band, complex waveshape vibration testing using electromagnetic 
shaiters driven by large audio amplifiers, is a valuable new tool for 
evaluating guided missile components. Input information can be in-fUglit 
vibration data which has been obtained via telemetering or it can be 
artificial vibration records sylhensized from noise, pulses, sine waves, 
etc., to suit specialized needs, 

Design and test for survival in adverse environment is fundamental 
in produring guided missile components with reliability adequate for 
modern weapons system requirements At JPL, a constant search is 
being conducted for better design and packaging techniques, and for 
more significant laboratory test methods. Development of the "complex 
wave” vibration test philosophy, and of apparatus to exploit it, are but 
two results of this program. In the area of component design, new 
packaging techniques have been developed, involving control of local 
internal resonances and nonlinenrities. vmich permit electronic circuits 
to withstand many times the vibration level which would destroy a 
conventional package. 

Engineers and scientists are working at JPL in nearly all of the 

f ihysical sciences. Here they are supported not only by outstandi.ig 
aboratory facilities, but by a continuing series of experimental rocket 
firings which proxade an invaluable tool for research and development. 

The combination of a broad base of fundamental research, active 
development effort, and strong test and Sight program has made the 
Lab a place of achievement. Perhaps you would like to participate in 
the many new, exciting programs now under way here. Your inquiry 
is invited, 


JET PROPULSION LABORATORY 

A DIVISION OF CALIFODNIA INSTITUTE OF TECHNOLOGY 
PASADENA, CALIFORNIA 
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. . . are fitted to over 

100 Vickers Viscounts in airline operation. 

. , . have been specified for over 

200 more Viscounts now on order. 

, . . on the Viscounts have completed 

over a million flying hours. 
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CfiEEP-PE 



...newest Vacuum Melted alloy 

in the high -temperature field! 


Here's a new “super alloy" for gas turbine compo- 
nents- Udimet 500 combines unsurpassed stress- 
rupture strength with superior high tensile strength in 
the I200°F to 1800°F range. For example, at IbOO-p 
its ultimate tensile strength is over 100,000 PSI- 
Utica is now supplying Udimet 500 to lop priority 
aircraft engine manufacturers, It is also supplying 
Vacuum melted alloys to dozens of manufacturers in 
many branches of industry, 

Our technical staff is ready to help you on your high 
temperature problems. On short notice we can test- 
melt a sample of your alloy for further evaluation. 
Call or write today. 

X.et us tell you more about our facilities. Send for 
illustrated Vacuum Melting Brochure. 


Utica can offer you properties 
like these through Vacuum Melting: 

• High-leraperature corrosion resistance 

• Extreme cleanliness 

■ Precise chemical control 

■ Longer stress-rupture life 

■ Increased tensile strength 

• Increased ductility 

• Greater yield strength 

a Greater impact resistance 

• Greater creep properties 
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• HOLLOMAN 

it ail ideal site for missile testing. Tlic 
liigli percentage of cloud-frcc days and 
clear dry air make jstccision ob.sena- 
tion easy. This is especially iinpottant 
in tlie eaily stages of missile dc\clo[> 
niciit. becaiisf data can ])C gathered 
rapitllv. ’I'iic immnUiiis around Hollo- 
man’s missile range afford ideal sites 
fill iiplical and elcctroiiic iiistriimenta- 


Locotion Ideal for Testing 

The very low population density of 
Holloman '.s general location decrea.scs 
the eliaiiecs of catustiophe iu the cicnt 
a missile goes astray. I'hc area also is 
Ideal iKcausc the loud noise and toxic 
hiprodiitts of large missile engines re- 
<|iiire th.it thev be tested far from liabi- 

The integrated White Sands range, 
ii'.ed jointiv bv HADC and White 
Sands I’nn ing Ground, extends 100 mi. 
mirth and south and 40 mi. cast and 
west. .Army and Navy projects arc at 
Whili. .Sands. Air Force projects at 
Hollonum. 

HADC's Dual Rote 

1 l.\l)C; uses a logical approach in the 
|)crfunniiiKC evaluation of missiles un- 
der development test. Holloman is con- 
fronted with two roles. In iinc. it is 
iit.ilh interested in S|)teding desclo|>- 
inenl of the missile and '‘selling" it to 
the operalional connnand. In tlie sec- 
ond, it niiist take a critical viesv of the 
missile and its value as a military svea- 

tion has been handled by rclies’ing the 
))roject officer of the rcs]3onsibility for 
writing evaliiation reports on missile 
|irogress- The project officer works 
closely with the contractor and is ex- 
pected lo be a strong |jrotagonist for 
his piojcet. He submits routine factual 
k'sl re|jorts to the M'capim Systems 
I’lojeef ( Iffice at \\'ri|hf- Patterson AFB. 

Kvaiuiiticm responsibility is dis- 
charged In another organizational ele- 
ineni made up of more experienced 
officers who gather progress data from 
the conlractor and project officer- .At 
significant points in the development 
cycle they write critical evaluation re- 
ports eiii|jliasizing such factors as re- 
liability, acciiracv and siifficiencv of 
support equipment. These reports are 
submitted to Hq., .ARDC, and to the 
Weapon System Project Officers. 

Another important phase of Hollo- 
man's work is the stndv of human fac- 
tors in aviation. Tliis rcscarcli is con- 
ehictcd by tlie Aero Medical Field 
I-aboratory, which functions under the 
Directorate of Research and Develop- 
ment. Tlic laboratory is beaded by Lt. 
Col. John P. Stapp. famous for his 
partici|xition in high speed sled riin.s. 

One of the lab’s projects, under the 
sti|iervision of Maj. D. G. Simons, con- 



advances the cause of 


HIGH RELIABILITY 
through 

SIMPLIFIED DESIGN 



Avion's “Hi-Ri" program is fundamentally a philosophy of 
plus performance . . . derived in large measure from a bold 
concept of design simpliciiy. 

ITs just that simple! 

The fewer the number of components required for any elec- 
tronic system — the longer the life expectancy of effective 
performance. 

•High Reliability has been achieved for missile guidance, 
fire control, infrared seeker, and other systems . . . largely 
through the application of this design concept. The relation- 
ship between simplicity of design and plus performance is 
firmly established at Avion. 

And this relationship is sound, whether the electronic sys- 
tem is designed for the military, or for industrial use. 


Av I o N 
Division 


_QCf INDUSTRll 
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• HOLLOMAN 


ENGINEERS 

Positions available in all phases 
of missile research and development 



Aerdphysics 

DEVELOPMENT CORPORATION 

Send inquiries to Lobero Hotel Building, 924 Anacapa Street 
SANTA BARBARA, CALIFORNIA 


EXPLOSIVE VALVES 



corns Imniiin factors in space flight. 
1 hrcc aspects of space fliglit ctitrcnrty 
arc under study; 

• Evaluation of the liazaid.s of primaiy 
cosmic ra^ particles. Biological speci- 
mens niryiiig from bacteria to monheys 
has’c been taken by balloon to altitudes 
as high as 1 '0.000 ft. in sealed capsules 
espcciallv designed to maintain labora- 

I'hnpliasis has been placed on pos- 
sible cosmic radiation damage to genetic 

blond cells. 

• Siibgravity effects. Tliis program is 
designed to studv the effects nn human 
pcrfotm;mce of the absence of grasity'. 
sshich will result from Right in spice. 
Pnrijosc is to determine it it is neccs- 
san to |5ro\ idc artificial gravits' to main- 
tain adequate performance. 

In |>rcsent test.s a two-place (pilot 
and subject) jet aircraft is being used. 
Periods of zero gravity up to a maxi- 
mum of about 10 see. are obtained bv 
filing special trajectories. 

Other subgravity tests are planned to 
extend the duration of exposure to 
weightlessness. 

• Iviivironmental control. Purpose is to 
provide information concerning pro- 
tccthc cqui|3mcnt for. and human tol- 
erance to. 24-hr. flights ,)t high alti- 
tude. 

Initial flights to SO.OOO ft. in a bal- 
loon arc ijlanncd with the subject prn- 
tcctcd bi a sealed capsule. This study 
is being coordinated with a 
project which imoh'cs bailout from the 

Physical Forces Vs. Humons 

,\nothcr project under study in the 
lahoraton’ is enneemed with the hiody- 
namics of human faclors-thc effects of 
physical forces on human tissues. 

The studs' \sill prnside information 
on human tolerance to wind blast, ac- 
celeration and decclcnition. tumhliii| 
forces, shock wascs and buffeting relat- 
ing to supersonic flight. Data obtained 
will he as'ailable to designers of high- 
|x.-rfntmance-aircraft cockpits and escape 
sssicnis. 

Two test track svstems ate as'nilabic 
for simnlating these various physical 

One is the 5.00(l-ft. track (Hollo- 
man's s.TOO-ft. track, which has just 
been extended 1.500 ft.) and its rocket- 
powered sled. 

Hie other is a 120-ft. trick using a 
catapult-powered sled. 

Capabilities with the 5.000-ft. track 
iiiclndc accelerations up to 40G.s. ve- 
locities of 2.000 fps., and decelerations 
up to 150Gs. 

On the short ftiick. accelerations up 
to 25Gs ivill be available, \-elocities up 
to 200 fps., and deccler.itions up to 
200 Gs, ■ 


AVIATION WHK. Aiigust 6, 1956 


\y does M 
yet the nod? 


&..J 


DC Digital VolttnalerO.01% nc- 

eiir.icy. Automatic operation, in- 
cluding cnlibration; operates 
printer. 



AC-DC Digital Vollmatar 0.1% 

AC, 10 kc. 0.01% DC. Auto- 
matic calibration; operates 



unit time, a; 1 digit accuracy; 100 
kc; operates printers. Timer; Uni- 
versal Counter-Timer. 





E-I offers the only 
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plete line of digital inslru- 
ind leads the state of the 
ruiiientation.. .proved by the 
in the field. Reliability of E-I 
iblished through hun- 
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how DAVIES puts magnetic tape to work 


... in an automatic recorder, reproducer . . . 
vibration analysis ... a dead time simulator 
... a casualty recorder 


you push the button 


With automation putting more 
and more information on magnetic 
tape, the tape equipment itself has 
become a fit subject for automa- 
tion. Which is why we developed 
automatically programmed tape 
equipment. The transport starts, 
slops, and rewinds automatically 
. . scans any track or combination 
of tracks once or any number of 
times . , . automatically matches 
tape speed to requirements over a 
wide range . . . permits fast search 
and slow read-out . . . and all with- 
out human attention. It can also be 
programmed for continuous re- 
cording over hundreds of hours, 
recording on one track, rewinding, 
restarting, recording on the next 
track, etc., without attention. 

All this we can do with standard 
Davies shelf-type equipment. But 
if your needs are very special, we 
can also build to satisfy them from 
the ground up. 


what’s in a bump 


Vibration in an automobile is an- 
noying ... in a plane, worrisome 
. . . and in a missile, downright ex- 
pensive! Vibration, as a result, has 
been subjected to considerable 
and serious study. Should you ever 
want to analyze vibration, the first 
thing to do is catch the vibration. 
Whether you put a Davies re- 
corder in the vehicle (and they can 
be installed in missiles) ... or at 
the other end of a telemeter link 
on the ground, somehow get the 
vibration on magnetic tape. Now 
you have a lot of complex waves, 
and you’re ready to analyze them, 
a job best accomplished in the im- 
mediate vicinity of a Davies Auto- 


matic Wave Analyzer. Fed with a 
complex wave, it hands back a 
complete Fourier analysis, graph- 
ing every component from 3 to 
1 0,000 cps, and basing the results, 
depending on your whim, on either 
linear or square law response. 
We’ll sell you the wave analyzer 
alone if you wish, but we’d just as 
soon work up the complete system 
. . . recording equipment, repro- 
ducing equipment, analyzer . . . 
even the tape. 



Davies Automatic Wave Analyzer 


(he voltage goes round and round 


Our dead time simulator is partic- 
ularly appreciated by analog com- 
puters in need of a variable time 
delay. In heat exchanger problems, 
for example, it can be rigged to 
accept a voltage simulating pump 
speed, and voltages representing 
temperatures at various points in 
the exchanger, from the computer. 
After delaying the temperature 
analogs for a time inversely pro- 
portional to the pump speed ana- 
log. back they go to a much re- 
lieved computer. 


where were you when? 


A thorough analysis of process 
failures can considerably reduce 


the chance of future failures. Thus 
the market for continuous logging 
devices in the process industries. 
But continuous logging facilities 
are extremely expensive if the in- 
formation they print is only impor- 
tant as it applies to events immedi- 
ately preceding an abnormal con- 
dition. For the job of closing the 
barn door only when a robbery is 
in the offing, we propose our Cas- 
ualty Recorder, which works like 
this: Conditions at critical proc- 
ess points are continuously re- 
corded on the many tracks of a 
loop of magnetic tape, with loop 
length determined by the amount 
of hindsight desired. In normal 
operation, information is recorded 
on the tape, passes around the 
loop, is erased, and new readings 
are recorded. When an off-normal 
situation develops, information is 
fed to suitable read-out devices be- 
fore erasure for later examination. 
While this system gives you only 
the data you need, that’s all you 
have to pay for. 

COMPLETE DETAILS on the 
systems covered are available. But 
it’s difficult in booklet form to give 
any adequate idea of the seem- 
ingly limitless applicability of 
magnetic tape systems in data 
handling. We’ll be happy to pass 
on what literature is available, but 
we'd rather discuss your data ac- 
cumulation, storage, or reduction 
problem with you directly. Just 
name the time and place. 
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LABORATORIES, INCORPORATED 
am QUEEKSBURT ROAD • RIVERDALE, MARrLANff 


★ OPPORTUNITY AT 
GRUMMAN 
FOR OUTSTANDING 
EXPERIENCED ENGINEERS 


Aerodyne Riicists 

Electricol (Systems) Engineers for Orcuit. 
Design and layout 

Electronics Engineers 

Power Plant (Fuel Systems) Engineers 

Internal Aerodynamicists 
(Propulsion & Heat Tronsfer) 

Reseorch Engineers (Theoretical 
Aerodynamicists, Dynamicisls, 
Mathematicions, Physicists) 

Compony-finonced retirement plon ond 
education plon for odvonced study. 

Proof of U. S. citizenship required. AppI/ 
in person or send resume to: 

Mr. A. T. Wilder 
Engineering Personnel Director 


GRUMMAN AIRCRAFT 
ENGINEERING CORPORATION 

aethpsge • (OAg IsJond • New Yoili 
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2689 State Street, Hamden, Conn. 
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Kdwards Rocket Base to Test 
Captive Ballistic Powerplaiits 

engines is being heart! more frequeiith at the Air Force Tiiglit Test Center 
here as Ijullistic missiles grove nearer to becoming a part of US.AF's retaliaton 


capabilitv. 




RESEARCH WELDING 


for fabrication beyond 
the standard concept 
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De\cloprncnt of Honest John by Douglas 
engineers fills a vital infantry need and pro- 
vides new muscle for our armed forcK. Bui 
the basic strength of any defense depends on 
the people manning it. Find out what an 
important future there is for )‘ou in U. S, 


before it starts 


So powerful that it revises infantry strat- 
egy, the Douglas Honest John is an artillery 
rocket of ircincndous destructive force 
and deadly accuracy. 

Designed and built by Douglas Aircraft, 
Honest John moves into position on its 
own launching truck. This free-flight mis- 
sile can carry the heaviest high explosive 
charge, or an atomic warhead in weather 
that grounds tactical air cover. Its very 
existence deters an enemy from massing 
for effective ground attack. 


Depend on D0U()L,AS 


Fir.nt ill Aviation 


• ROCKET BASE 

base's needs. This avoids having lox 
trucked in and stored which results in 
B loss from ciaporation. 

Proposed ncu eoiistruction to round 
out the final base configuration includes 
four more test .stand |sackagcs-onc in 
an isolated area wlierc toxic projxillants 
can be tc'tcd— three more missile as- 
scinbis buildings, and additional ware- 
house and storage facilities. 

There arc 150 AFI'I'C personnel at 
Rocket Base, plus tliosc cmploscd bv 
flic contractors who operate the .Air 
Force-owned stands. Of the Edwards 
personnel, 500 arc civilians and 1 50 arc 
military. Of the 40 Edwards enginecTS 
engaged priinarilv in siipiiort, tacilities 
and instnnncntation design for the 
b.isc, three out of four are civilians. 
Scsera? ,\ir I'orcc engiiK'Crs arc using 
the ‘'oser the shoulder" technique to 
learn stand operation from contractor 
pcrsiiimc'l. Tlicy arc looking toward 
the da\ wlieii Rocket Base engineers 
will take jxirt in running the complete 
missile ssslcm cajitivc flight tc.st stands 
now under construction. 

Cliief of the Rocket Engine 'I'csl 
Labotatori i> Ricliatd Gompertz. .As- 
sistant cliief is Richard Schmidt. 

Illiistralhe of the high costs of 
rocketry, the Edwards lab currciitlv 
needs from S5 to $S million a vear to 
operate, exclusive of contractor-paid 
personnel and contractor hardware. 
The new large missile test stand alone, 
witli backup, will cost more than 55 
million. 

Sixteen Firings Weekly 

Rocket Base construction began in 
1950 and the first firing was conducted 
in February 1955. Today, the b.ise 
oicragcs 16 firiiiEs weekly . 

Phiinsnpin behind Rocket Base is: 

• Contractor test facilities will work 
chiefly with items still in reseiircli and 
de\’e]o|imciit stage. 

• Contractors do not have space or 
money for facilities to test systems at 
v.arious stjgis. or subsystems or com- 
ponents invoh ing partly their own and 
other contractors’ hardware. 

• The ncccssan testing of systems and 
components brought togctlicr for the 
first time, but not yet completed into 
an oi ctall weapons system, w ill be done 
by Rocket Base. 

• Testing of complete weafion svstems 
before air launching (which is done 
at Patrick .AFB, Fla.) will be accom- 
plished at Edwards. 

• Reliability testing, in which compo- 
nents, siih-sy stems and complete weap- 
ons system- arc run to failure, can 
be enndueted and fixes made. 

• New systems under development but 
lacking their original promise, can be 
.stage tested and when it is indicated 
that thev dcfinitelv are not worth pur- 
suing. tliey can he junked and new ap- 
proaches to the prohicin can Isegin. 



... The World’s Leading 
Manufacturer of High Speed Motion 
Picture Equipment 
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SYSTKMH 


I’LAYNIYCi 


Dr. S. H. Browne (lefi). AMislanl Director of Research, J. H. Carter, 
Associate Director of Research and StatT Scientists P, L, Taulhee and 
E, V. Stearns discuss weapon requirements for defense of 
continental United States, 

The concept of systems planning has many degrees of 
interpretation and application. At Lockheed Missile Sy.stems 
Division it is a primary field of endeavor that is emphasized 
as the optimum method of missile development. 


the basic 
approach 
to missile 
development 


As applied at Lockheed, it begins with operational requirements 
andcovers every phase of the development of a complete 
system through preliminary design. Coordinated creative effort 
is required among scientists and engineers in virtually all fields, 

A number of highly significant new activities will appeal to 
those posses.sing keen interest in systems planning. 

Inquiries are invited. 


MISSII.IO SVSTKMS DIVISION 

research and engineering staff 
LOCKHEED AIRCRAFT CORPORATION 


WHEELS ARE 
IMPORTANT 




there have been some improved models made 
lately by Detroit Controls Corporation 
CONTROL ENGINEERING UNIT 

NORWOOD, MASSACHUSETTS 
560 PROVIDENCE HIGHWAY, NO 7-3320 
DEVELOPERS & MANUFACTURERS OF 
GYROS 

GYRO FLIGHT STABILIZERS 
NAVIGATION & STABILIZATION SYSTEMS 



NEW THIOKOL 
ROCKET MOTOR PLANT 
TO BE BUILT IN 
NORTHERN UTAH 


12,000-acre 
plant site acquired 
for rocket motor 
development center 

Near the north slwro of UtJih’s Great 
Salt Lake a new Tliiokol plant will 
soon rise. This lolesl expansion by 
the Thiokol Cliemieal tiorpomtion 
will bring to four the total number 
of Thiokol plants devoted exclusively 
to the development and ijroduction 
of solid propellant roeket motors. 

Just 84 miles northwest of Salt 
Lake City, the now site is centrally 
located with regard to all major 
western cities. It is i-onvcmient to 
both rail and air iransiwrtation, yet 
su(li<‘iently isolated to permit the 
testing of the largest rwkot motors. 
Thiokol chose this locntion in order 
to service the growing missile and 
rocket industry in the Wrat. It will 
become Thiokol’s wc-slei'n c<‘nter for 
all guided missile engines and roeket 
motor development and production. 

Engineers and Chemists - f>r-rome a 
member of Thhkul x roi kH develop- 
merit and manuluchinHij learn. We 
welcome imiuirirs jram inerhanical 
engineers, chemiial engineers and 



TMIOKOt CHEMICAL CORPORATION 
780 NORTH CLINTON AVENUE. 
TRENTON 7, N. J. 




Rocket Divisions now at 

ELKTON, MARYLAND • HUNTSVILLE, ALABAMA • MARSHALL. TEXAS 
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Kirtland Builds Nuclear Weapons Delivery Capability 
Nuclear-Powered Bomber Is Moving Nearer to Reality 
First USAF Reocter Due to Operate Within Two Years 
Convair's XB-36H Checks Out First Airborne Reactor 


complete 

missile 

facilities 

from conception 
through completion 



.missile facilities at^locations 


SITE SELECTION MASTER PLANNING DESIGN CRITERIA 
FACILITY DESIGN COMPLETE INSTRUMENTATION CONSTRUCTION 




McDonnell moi wtTH experimental bomb-fuel configuration 


Kirtland Gives USAF Nuclear Delivery 


By RoIk’iI JIotF. 

Albuquerque, N. M.— Kvery first line fighter, bomber and offensive missile 
the active USAF invenlon' today lias the capability of delivering one or 
jrc types of nuclear weapons as a direct result of work done by tlie Air 
irce Special Weapons Center at Kirtland AFB. 
l''irst-linc aircraft that arc now tle- 

techiiical progress of the nuclcir weap- 
ons clcselopnient program. 


mielear weapons iii- 
eiiitlc the Boeing B-52 and Convait B-36 
iieavy bombers, the Boeing B-47 inc- 
diiim Imnibcr. the Martin B-57 light 
bomber, tlic Republic F-8-1 and North 
Amerit'.m F-86 fighters and tlic Niartin 
TM-61 missile. 

Evers- new supersonic aircraft and 
bombardment missile now under de- 
velopment by the USAF will have a nu- 
tlcar-weapon delivery capability because 
of work now in progress at the Special 
Weapons Center. This includes the 
Century series supersonic fighters such 
as the North .American I-'-lOO and the 
McDonnell F-IOI, as well as new bomb- 
ers like the Convair B-s8 llnstlcr and 
ballistic missiles such as the N-Iarlin 
Titan, Convair Atlas and Douglas 
Thor. 

1’he primary job of the Siiccial Weap- 
ons Center is mating the expanding 
new families of nuclear and thcniio- 
nuclear weapons to tlie wide variety of 
atrial delivery systems being develoixd 
for the USAF combat forces. During 
tile past three years, tlie center’s mission 
lias expanded into new research and 
development areas required bv- the vast 


AFSWC OrganiKotion 

'Uie Si>ccial \\'eapons Center con- 
sists of tlirec organi/.ations devoted to 
its |irimary mission; 

• Re.scarch Directorate headed l>v Col. 


-orce Special Wea- 
rn Muskagee, Oklo., 
e of U, S. Milltar/ 


World \ 




director reseorch and development of 
Sondlo Bose, 1947 to 1950 . . . joined 
ARDC in June, 1950 and served os act- 
ing deputy chief of staff for develop- 
ment, director of development, ond 
ossistont operations director . . . 
commanded 1009th Special Weapons 
Squodron before coming to AFSWC in 


Edward Gillct, whose main job is coii- 
cemed with analysis rather than labora- 
tory resc-arcli. Its work is aimed at future 
designs of atomic weapons, effects and 
cnrplovnrcnt of these weapons. It also 
functions as the principle USAF tech- 
nical liaison agency on the future prog- 
ress of atomic vve-apomy. 

• Development Directorate headed 
by Col. John T. Disliuck, whose main 
job is the marriage of atomic weapons 
to aerial delivery systems, lliis is con- 
sidered the "bread and butter’’ mission 
ot the center. 

• 4925th Test Group commiiiidcd 
liy Col. l-'red II. Newman, whose 



ISI 
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mission is to provide test support for 
ttic rescJfcli and development activities 
of tlie center, tlic Sandia Corp. and air 
support for the weapons testing proftam 
of tile Atomic Energy Commission. 

The Special W'c-apmib Center, now 
commairtlcd by Brig. Gen. W'illiain M. 
Canterbury, is a key link between the 
nuclear weapons development program 
of the Atomic Energy Commibsion and 
the acrial-dclivery-systera development 
program of the Air I'otcc. As n key link, 
its position in tire entire nuclear weap- 
ons development complex requires cleat 
definition. 

At the top of the nuclear weapons 


organizational heap is the Defense De- 
partment Militarv' Liaison Connnittcc. 
This group bridges the gap between the 
Atomic Energv Commission that makes 
nuclear weapons and the Defense De- 
pirtmcirt that is charged with delivering 

The militarv liaison committee is 
headed by Herbert B. Loper, assistant 
to the Sccretarv of Defense for atonric 
energy, and has two militars' nieiitbets 
from each of the three services. Tlic 
military liaison connnittee transmits 
high level guidance between .\EC and 
the Pentagon. A specific service is some- 
times assigned cognizance for develop- 


ment of particular tyjjcs of nuclear 
weapon delivery systems, h'or example, 
ctffiirizance over kirgc unclear-bomb de- 
velopment has beeir assigned to the 
US.AI’', the atomic artillery shell to the 
.\rniy and the atomic depth charge to 
the Navy, In addition, there arc joint 
dcvelopincnt projects that can be used 
by more than one service, such as mis- 
sile vvarheads of a .specific size. 

These joint projects ate handled by 
the Armed I'orccs Special Weapons 

■fhe project has a headquarters 
organization in the Pentagon for policy 
guidance and a field comnurvd in .\lbu- 
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AIR FORCE SPECIAL WEAPONS CENTER 



Querque which works with the AEG 
through Sandia Corp. under contract to 
AEG by \^'cstem Electric. 

Liaison for USAF 
AEG also has a development agency 
at the Los .Alamo.s Scientific Laboratory 
of the University of California in the 
New Mexican nuclear triangle— plus 
a similar organization in the Uni- 
versity of California Radiation Lab- 
oratories at Livermore. Calif. Both Los 
Alamos and Livermore arc concerned 
with designing and producing the 
nuclear “guts" of weapons for all tlie 
armed forces. The Sandia Corp. con- 


cerns itself with developing and manu- 
facturing the iiardvv-arc that is com- 
bined with the nuclear "guts" to form 
a specific weapon, i 'or exiimplc. Sandia 
Corp. makes fhe weapon casing and 
electronic gear required to fuse and 
fire the weapon. 

\\'ithin this basic framework, ciich 
of the three services has a special tech- 
nical operating agenev to handle 
specific developments for which the 
service has been given cognizance and 
to supply guidance so that AEC and 
-M’’S\VP activitv produces hardware 
tailored to meet specific service rcquirc- 


For USAF. this agency is the 
Special A\'eapoiis Center, one of tlie 
twelve major centers of the Air Re- 
search and Development Command. 

'ITiis is the complex organizational 
and technical framework within which 
the Special Weapons Center operates. 
Because of the nature of this network, 3 
large part of its responsibilitv involves 
functioning as the principle liaison 
agency for the USAF with all of the 
other agencies involved in the miclcac- 
weapons development and deliverv pro- 
grams. To facilitate this liaison, Special 
Weapons Center officers arc regularly 
rotated for terms in AEC laboratories 
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RESEARCH and DEVELi 


Performance in Research and Development is being 
proved by Rheem with current projects for the military. 
Top caliber engineers will find exceptional opportu- 
nities at Rheem. For further information contact: 


rELOPMENT / / 


RHEEM MANUFACTURING COMPANY 

GOVERNMENT PRODUCTS DIVISION 

irnfiiKCN < orvttOfMfNr (ABORAroNiFs 



Other plants and oSiret 


Special Weapons Center Mission 

'llic official iinSvioii of the Special WcajHiiis Center at Kirtiand .\I'B is; 

"To aecomplish flu- iieeess;ii) descliipmcnl, testiii| and engineering support 
uitliiii the respoiisibiliK r>l tile United Stales .Air i'orce of atomic weapons, systems 
eoiiiponeiits. as.sociated eqiiipmcnt (including wcaiKiii and weapon caniet conipati- 
bilits* dctcniiinations and fcasibilits* studies) and evaluation of |H.‘rsouiie] 1ia/.aids 
associated with the dcieliipincnt tests and n|Kiatioiial use of atomic weapons. 

"'Id jiroWde supimrt to the .\himic Kncigv Comiiiissioii and citiicr governmental 
;ig«icies as terjnired in coiidncttng ImiIIi continental and overseas atnniic energy tests. 

"To provide support as rci|uircd for cerbiin other special weapons. 

"To ptas'ide support fur .Vtmiiic ICnctgy Commission and Dc|rarbnent of Defense 
agencies as rct{nired in the evecution of wartime operations and attainment of related 
peacetime jireparedness. 

"To perfoim such other rtMutcIi as may be retjiiircd of the Special \Ve;ipous 
Center by Headquarters. ARDC." 


and Siindi.i Corp. IX'spite all fuiin.tl ntfi- 
cial cliaiineK of liaismi, the center finds 
tliat |>crson;iI contact betsseen men 
working in various fields ])tmides the 
fastest am] most efficient form of keep- 
ing in toiicli vvitli tlic rapid tccliiioliigi- 
cal prngte.ss in atcmiic vveapimrv. 
Nuclear Trends 

I he e\pansion of Mie Special Weap- 
ons aetivifie.s and the increasing import- 
ance of its (iperatiiiii have liccn in- 
fluenced bv the principal trends in 
.itoinic weapons dtiring the p.ist three 

'I'licsc include; 

• Nuclear weapons have increased tlicir 

• Nuclear we;i])Oiis bas'e grown in 
v.irietv as smaller and smaller weapons 
have betonie teeliiiicalh feasible. 

• .Atomic svca(Kms bas'c exjianded their 
•ipplication to almost every ts|je of 
US.Ab' air deUverv svsteni ;md to ;ihmist 
everv US.\1'' combat )sroblcni. 

• Nuclear weapons arc brx.'oming 
simpler to asseinhle. Ii.mdle. store and 

• Com)ilcxity and magnitude of the 
US.AF logistics problem for the iiiidcar 
wea|3ons program lias grown |jroportion- 
•itelv as the munber of weapons and 
tvpcs of eattiers has incre;ised. 

• \\'idespiead use of nuclear we.ipons 
bv the US.M'' and potential enemies has 
increa.scd tlie scope and ini|jort;mee of 
research on Unman factors involved in 
o|>cratiiig comlxit units during nuclear 

• Increased variety of vvca[ions ;ind 


larger vield makes noeessarv continuing 
research on wliat actually liappens 
wlicii nuclear devices explode .md w hat 
their effects ate on various tv'pes of 

• Slioitcr development cycle for niielcat 
weapons in contrast to the lunger time 
icqiiired to develop modern .siipersrmic 
deiiverv systems still poses a major 
piiililem in providing operational coni- 
patibiUtv between the weapon and its 

Research Directorate 

Tire most important product of the 
Special Weapons Research Directorate 
is paper. These paper products ate stud- 
ies, analvscs and ideas' on future develop- 
ment of atoinie weapon systems and 
future proliiems that will .wise from 
their use. Special \\'capoiis Center 


lias an unusually higli educ-atiomil level 
among its iJctsonncl. I'his trend reaches 
its peak in the Rcsoarcli Directorate 
where' more than of the 120 mili- 
tary .scientists working under Col, 
Ciller have doctor’s degrees. 

Mission of tire research directorate 
includes: 

• Studies and leeommcndations on fu- 
ture desigii.s of nuclear weapon systems 
.md new. improved metlinds of using 

• Measure, evaluate and inteqiiet per- 
sonnel hazards in iiandling nuclear 
weapons and reeonimciid protective 
equipment and techniques necessary for 
botli offemive and defensive operatinm 
in nuclear war. 

• Conduct luiinan engineering rcseareli 
;md develupinent applied to the design 
of equipment required liv the Special 



DECONTAMINATING A 'HOT' 6-57 


now 


FOR DC OR RESISTANCE INPUT 


n^w 


FOR SIMPLIFIED OPERATION 


MoDEl. 200-A uses an input oE 10,000 
olun ntsi$tanc« potentionietm nn in- 
put transducer providing 10 to 1 scale 
expansion and origin positioning. Asaii- 
nble standard digital input accessories 
are essentially inputs of this type. Any 
resistance potentiometer will provide an 
analog input for this configuration. 
MoDEt, 200-B,used for D.C. signal input, 
lias full scale sensitivities of S niilli- 
volts and an input impedance of 1.000 
megohms, Utiliaing standiud reference 
cells, this model provides drift-free 
operation. Available external reference 
voltages may be substituted. A plug con- 
noction is provided to facilitate the quick 
interchangeability of input sections. 


Precision \'ernier Dials provide an aceu- 
r.ite method for obtaining fine adjust- 
ment during operation. Optional point 
plot or continuous line plotting is a 
feature of both models. Selection is by 
front panel manu.il control. A new, sim- 
plified pen of one-piece design-used for 
point or continuous plotting— eliminates 
liottles and tubes, permits rapid chang- 
ing of ink colors. Independent action of 
the X and Y axis is achieved with Libra- 
scope’s unique "Floating Gear Train!' 
No c.ibles, tapes or lead screws to cause 
lost motion, cable stretching or drift- 
ing out of alignment. The 120* concave 
cylindrical plolling surface provides full 
visibility , , , is completely illuminalcd- 



These fast, dependable general purpose 
plotters feature 0.1* accuracy, are suit- 
ed for wide applications where rapid 
graphic presentation of data is required, 
such as: laboratory testing, comiiutcrs. 
data handling systems, wind lunnel, mis- 
sile tracking and quality control testing 
of transistors and other electronic conqxi- 
nents. Input selection Includes Punched 
Card and Tape Converters, Decimal 
Keyboiirds and Binarj’ Converters. Model 
200-A can plot fio:n Flexowriter tape ia 
any code or directly from the Tape Punch 
cables of many digital computers. Sub- 
chassis can be supplied to handle time- 
shared X versus V plots, or other spe- 
cial circuitry. Write today for details. 


HieHEST ACCURACY FOR GRAPHIC DATA HANDLING 



LIBRASCOPE INCORPORATED • 808 WESTERN AVENUE • GLENDALE, CALIFORNIA 
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LOW ALTITUDE BOMBING TECHNIQUE 



Weapons Center operations. 

• Disseminate information to opera- 
tional cnniinauds sueh as the Strategic 
Air Ctiinniand, Tactical Air Couini.ind, 
Air Defcn.sc Command and .\RDC 
lieadqiiattcrs on nuclear weapon devel- 
opment. Rcseareli Directorate also is 
charged with obtaining and evaluating 
tliis infoniuitioii prior to US.\1’’ dis- 
tribution. 

• Provide focnl |>oint of contact with 
.A1’!C field agencies at Los .Alamos and 
l.iverniote and the .Al 'SWP h ield Com- 
mand at Sandia on nutlcnr weaptm de- 
velopment and applications within 
US-Al'' operational ceqiiircmcnts. 

• Maintain ndministrativc sii|>civisioii 
over LIS.M' pctsonnel assigned to ciKC 
contractor installations at Los Alamos, 
Livermore, Sandia Corp. an<i dsewhctc. 
Research Organization 

I'o do this job the research directo- 
rate is organized into five divisions; 

• Analysis Division headed by Lt. Col. 
R. Niuleiilx;rg. 

• Bio-Pliysies Division headed by Col. 
I'imest Pinson, 

• Klfccts Division headed by Lt. Col. 
M;icPheisoii Motgan. 

allniiiaii Factors Division hcitded bv 
Maj, N'. L, Murray. 

• AV'arlieads Division headed bv Lt. 
Coi. D, C. Jimieson. 

Tlie Research Directorate splits its 
work level between the Spcchil Weap>- 
on.v Center and outside agencies with 
about 50'/( conducted at Kirtlaiid and 
Ihc other half done by other .\RDC 
Centers, universities and indiistrv'. ’Ihc 
Directorate has a SI million annual 
budget niiich is divided into ;i variety 
of S5l),000 to 575,000 projects. 

Main job of .\nal_vsis Division is 
to study continually new concepts for 
tlie employment of nuclear weapons 
and to aiiulyze the future needs for nu- 
clear warhead development to be used 
by US.M'’ delivery systems. This divi- 
sion studies ;ill |Sossible tvpes. weiglits, 
sizes, costs and viclds of future mielear 
weapons and analvzes how they can 
possibly fit into the US.M'’ combat 
mission and liow tlvcy could be used by 
future USAh’ deliver}' systems against 
what kind of targets. ’I’lic Analysis 
Division is ies|)onsiblc for matching fu- 
liire nuclear weapons agiiinst future 
US.Al'’ targets witli ,i varieh' extending 
from an infantry company in foxholes 
to an indu.vtriiil city or a supersonic 
missile. 

One of the major results from the 
Analvsis Division work w-as develop- 
ment of the low-aititiide-bombing 
(LAB) deliver}' technique for atomic 
weapons sometimes known as toss 
bombing (see diagram). 

This was originally developed as an 
accurate method of dclivcrv for figliter- 
bombers that would still permit tlie 
delivery aircraft to escape tile lethal ef- 


fects of its atomic weapon. Perfected 
by the Air Proving Ground Coiuiiiand 
at Lgliii ,\1'B, f'la., this technique has 
now been extended to bomber aircraft 
at a wide variety of altitudes and spe- 
cial iustrumeiifation has been developed 
to make tlic technique automatic and 
give it an all-weather c;ipabilit}'. 
Nuclear Defense Systems 

.\iiother major contribution was the 
.\nahsis Division study of the fcii.vibilit}' 
of using nuclear weapons in air defense. 

Tiic tcsearcli anaivsts looked into 
every aspect of emplo}ing a mielear 
rocket for air defense sueli as; 

Ilow f.ir from the t.irget can a 
detonation occur ;ind still kill the tar- 
get? How far away from the deton;iliun 
must the delivery aircraft be to avoid 
excessive radiation for interceptor pilots? 
W’liat is the optimum vicld foi the 


itiiclc;ir rocket w;irhcad? Wluit is tlie 
effectiveness of such a inickut defensive 

Indic-.ition of the .'Analysis Division’s 
success in im.snering these e|ue.vtious 
came in the detonation of an airborne 
’’micleiir test device’’ during the 1955 
Nevada ARC test series and the state- 
ment by Gen. fiarlc Partridge, cominim- 
der of ,\ir Defense Command, at a jet 
age svnipoxium in NA'asliingfon last 
sitting that new US.M' intcrc'c))tnrs 
vj'mikl be using nuclear weapons for ait 

As the .Analvsis Division studies new 
mielear vveapim.s, it is coming to grips 
-as is cv'crvbodv else in militat}' avia- 
tion— with the effects of extreme alti- 
Itides and high Nfach numbers on both 
weapons and delivery s} stems, 

.Another job of the .Analysi.s Division 
is to anah'ze all potential US.AR targets 
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CARTRIDGE START OF B-57i 

in terms uf future nuclear ss capons. ,\n 
LNumple of tills is relating probable ein 
ciiliir emir of bomb delis ets to tbe weaiv 
oii's sicid and tbe cliaraeteristies of 
specific tspe-s of targets. 

Gatberiiig data on a lariety of safe 
escape inetliods for pilots and cress's 
deliscilii| atomic sse-apons is also an 
aiialssis dis ision ba.sfc. W'itli extreme nl- 
titu^es. eresss face nut only the prob- 
lem of esca|)ing radiation from the nu- 
clear ss'C-ipoii detonation but also from 
eosniie radiation. In aiis nnclear ssar. 
the allossable dosage lesel ss'ould has'c 
to be an operational eoniinand decision 
but the analysis division’s job is to fur- 
nish the USAl'' eomniand.s ssith a ss ide 
varic'ts of methods to reduce or asoid 
radiation dosage for aircresss. 

The Kffects division aims at gather- 
ing data on exactls ss bat happens when 
mielear sseapons arc detonated, svhat 
sield tliev produce and svhat the radia- 
tion and fall-ont effects svill be. 

The US-M' is naturally eoneerned 
primarils svitli bigli-altitude nuclear 


blasts as tbe air ssar coiitimies to mose 
upssard. 'Ilte air defense problem al- 
ready lias moved abuse 50.11(10 ft. It 
ss ill soon be on tbe edge of tbe atmos- 
phere and eventiuills ss'iil iiios'e into 
space. US.'U'’ is alreiuls dcepls coii- 
eerned svith a defense against a lisper- 
sonic infercoiitinental ballistic missile. 
Sonic dav it niav esen be shooting at 
space satellites. 

High-Altitude Problems 

\\ hat are the effects of a mielear e.x- 
plosion outside the atmosphere? \o one 
iiiiims set. hilt the Kffccts Division is 
bliss trsing to find out. start svns 
made last year during the Tcapol tests 
ill Nesada ssith a drop from a B-56 det- 
rmafet! Iiigli in the ait. But there is 
urgent need to bo imich higher as 
soon as possible. Dr. ,\lviii Grave'S, sci- 
entific adviser to the .'\KC Nevada te.st 
manager, said during 'I eapot that hal- 
looiis si'crc being considered for earn- 
iiig iiudear test devices to dcsircrl 
altitudes. Rockets arc another good pos- 


sibilit)' for getting the nuclear expliv 
iron at tbe extreme altitudes lequired. 

Bia-Physics Division is concerned with 
measuring, evaluating and desising 
counter-measures for pcrsotmel hazards 
of nuclear warfare. It ssas transferred 
to Kirtland from tbe Cambridge Re- 
seureh Center, 

An exain|3lc of boss' the Bio-Pliysics 
Dis'i.sion operates is its |)rogr.im on the 
airborne and ground problems tncmni- 
teted bs' operational units employing 
miele'ar ssx,“a|)cms, Obsiousls, this iii- 
foniiatioii is vitalls ncctletl bs- eons- 
mimds such us the Strategic Air Com- 
mand. Tactical .Air Command and .-\ir 
Defense Command to plan tactics for 
using nuclear sseapons on specific 
missions. 

Working in the laborators. the bio- 
pits sics dis ision dcs elopcd methods of 
predicting radiation dosage under a 
ss'idc S'uricty iif situalimis encountered 
ill nuclear svarfarc and methods of 
extr.i|Mi1ating these dosages up to near 
lethal lesels. Initial tests sserc made 
ssitli actual atomic blasts by moiskess 
and mice pcnetr.iting blast clouds in 
rcmotels'-cnnfrollcd Qh’-SO drones. I-ast 
sear, the first human penetrations of 
kilotoii yield bomb blasts svcrc made 
as earlv as 1 5 minutes after detonation 
during tlic Teapot tests oscr Ncs'ada. 
Human Guinea Pigs 

’I'hcse initial e-.irls penetrations sserc 
made in speeially instrumented T-55 
jets ssith Col. Pinsnn and Capt. Charles 
Oldfield tiding as 5|iccialls instrii- 
inentcd Innnan guinea pigs in the rear 
seat. Pilots ssore protcetise gear, but 
Col. Pinson and Capt. Oldfield had 
only normal flying gear. 

'Ilies' ss'crc looking for the ansssers 
for S-AC. 'I'AC and ADC to questions 

• JIosv long after detonation does an 
atomic bomb blast present a hazard to 
pilots ill a jet interceptor or figbtei- 
l)omlx.'t? 

• How imicb radiation dosage svill a 
))ilot rcccis'c on his trip to Ijasc after a 
clnml |jeiietration from his cniitiinii- 
nufed aircraft? 

• Can ground crews .service a "hot” 
plane for more missions the same das 
after an early penctnition? 

• ICxactly svhat parts of an aircraft pick 
up r.uliatioii particles and boss' Inng do 
thes stay? 

’I he carh penetrations of Co!. Pin- 
son and Capt. Oldfield os'cr Ncs'uda 
|)ros'idcd definite ansssers to tlicse ques- 
tions and also prosed the lalxmitors' 
prediction methods dei'clo|)ecl by the 
disision. 

I’ilots receis'ccl tolerable r.idiatioii 
do'aige cliiriiig penetration of the atomic 
cloud and retiini flights, Leading 
edge impact areas of the aircraft jiliis 
cracks and crevices in the external 
structure picked up the highest density 
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Making Ika most 
of aluminum 


ovaryona 


Branch offices in principal cilias 




PRESSES FOR FREEDOM 


Presses have long been ihc locrfs of our freedom, svhclhcr priming the 
Declaraiion of Independence or producing mililarv cquipmcni. And to 
preserve ihi.s common hcriiagc is ihe underlying purpose of every 
metalsvorking press in our nation. 

As a participant in the USAF Heat's Press Program. Harvey 
Aluminum has a rc.sponsible role In presses /ur Ireeilom. Operating 
s completely Inicgralcd facility, Hars'cy uses extrusion presses, 
hydraulic and mechanical forging presses, impact extrusion presses to 
muss produce strucliiral components in aluminum, titanium, and steel 
for missiles, rockets, and aircraft. 

If your company does re.search and development work on missiles, 
aircraft, propulsion, armament, or special weapons, lake advantage 
uf Ihe most advanced heavy pres.s production techniques, modem 
research and deselopnicnl Itibomlorics. and Harvey's 42 years’ 
experience ssith metals. Let Harves help you realize the most efticicnl 
and produceable designs for the ARDC program. 


HsRVEYI 





BREAKING THROUGH 


THE HEAT BARRIER 


The faster they go. the hotter it gels inside guided missiles 
and jet aircraft. The lioat comes from friction of air 
and from electronic equipment. 


Excellence 

Electronics 



Heat from friction cannot be eliminated, but heat from electronic 
equipment can be greatly reduced by using transistors. 
However, existing transistors could not be used 
because they would not operate at high enough temperatures. 
Now. Raytheon’s new I’NP silicon transistors function 
reliably at high temperatures in jet and missile 
equipment— give 90% savings in size, weight and power. 
By helping to solve this difficult problem, silicon transistors 
by Raylhc'on are making a significant contribution to the 
efficient operation of the latest airborne military equipment. 


There arc more Raytheon transistors in use than any other make. 


RAYTHEON MANUFACTURING COMPANY 
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WHERE SIMULATED MISSIONS ARE FLOWN 

of radioactive particles, but the engine 
was the "hottest” radioactive portion of 
the plane. 

It was found that decontamination 
(if combat planes after flying through 
atomic clouds would not bo necessary 
under wartime conditions. Ground 
crews could refuel, rc.arin and maintain 
them with only the addition of gloves 
to normal work clothes. Dosage re- 
sulting from this type of work would 
be no more than that of several cliest 
X-rays, h'or peacetime operations, a 
decontamination procedure has been 
dcscloped. "Hot" aircraft are washed 
with "gunk.” a special cleaning fluid 
originalh developed to dissohe grease 
and dirt on aircraft structures and 
rinsed with a water spray. 

Bio-physics division personnel were 
engaged this summer in attempting to 
find answers to tlie .same type of ques- 
tions under conditions generated by 
megaton yield blasts during Operation 
Redwing at tlic Eniwetok Proving 
Ground. 

Radiation Measurements 

Another responsibility of the divi- 
sion is dcsclopmcnt of radiation measur- 
ing instruments, llic Armed Forces 
Special Weapons Project is responsible 
for the intcr-scrvice co-ordination on 
radiation measuring instruments. The 
bio-ph\sics diiision is iwiicerncd pri- 
marily with special USAF applications 
or problems such as modification for 
standard radiation instruments for air- 
borne use and descloping airborne radia- 
tion nie.isiiring instruments for an 
atomic |)owercd aircraft. 

'Ilie dii'ision also works on the prob- 
lem of reducing radiation hazards for 
both aircraft and personnel during such 
operational situations as operating an 
airbase during a period of hcas v r.ndin- 
active fall-out. It offers operational 
commands a wide variety of shielding 
and dc<ontamination methods and 


writes manuals on handling these prob- 
lems for the operation commands. 

The job of the warheads division is 
to keep abreast of the future state of the 
art possibilities in the dcseUipmcnt of 
new nuclear weapons and to be the 
principle source of US.AF information 
on this subject. Personnel of the war- 
heads division maintain an extremely 
close liaison with the AEG laboraturics 
at Los Alamos and Livermore and the 
Sandia Corp. Many of them has'c actu- 
ally worked in these organizations and, 
consequently, have a wide range of 
contacts with scientists involved in wur- 
licad development and packaging. 

US.AF looks to the warheads division 
to obtain realistic data on what type of 
yield will be available from what size 
nuclear devices for a period from five 
to 10 years ahead. This information 
is needed by the US.AF in planning its 
aerial dcliverv svstems of the future. 

Warheads division also must provide 
data on the relative nilncrability of 
nuclear weapons to countermeasures, 
crash, fire and other disasters both 
while aboard a carrier or in the air be- 
tween the carrier and the target, and 
jilan protective measures. It also has a 
responsibility to make studies on the 
compatibility of proposed new aerial de- 
livery systems and future nuclear weap- 
ons to make certain that AEG is de- 
veloping the type weapons USAF will 
need. .Although the warheads division 
makes this type of study, formal liaison 
between USAF and AEG on the com- 
patibility of future weapons and their 
carriers is handled through the Military 
Liaison Committee at top level Defense 
Departnient and AEG levels. 

Tlic human factors division is another 
new function of the research directorate. 

Its job is to reduce the possibility for 
human error in the operation of nuclear 
weapons and their delivery system.s. It , 
includes human enginc-ering on ground I 
support equipment for the nuclear I 



a new approach to true 

3 DIMEMSIONAL 
FUMCTIOW 
GEMERATIOW 

is called PHOSIAC* 

now unaor development by 
Stefhfx-Doicus to meet the demonds 
ol Higli Speed Universal Flight 
SirnuUlor Computers. 

Data Correction Compulers 
L’llrn High Speed Data Rerorders 
Airhorne Radar Simulator Computers. 



the stephen-douglas co., («. 

RESEARCH ft DEVELOPMENT LABORATORIES 
1650 2Ul Sueel. Santa Monica. California 
EXbiook 5-4785, -SAH-ij 
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Roster of Du Pont 

mSlUa^ HIGH-SPEED 
AIRCRAET SPECIAITIES 



DU PONT ELECTRIC SQUIBS. Imtantaneoiis s<}mbs are used 
for the ipnition of |iropeUaiits in missiles and JATO units. 
Pressiire-det'elopinf: sqiiibf provide a sinij)!e. rninparl sourre 
of controlled encrpj- for use in jellisoning devices, escape 
units. dra|!-cliute releasc.s, et(t. Delay squibs are available in a 
« ide variety of short and long delay intervals. 

All Du Pont Electrii' Squibs are of the utmost reliability 
and uniformity of action. They are capable of functioning in 
wide extremes of pressure aitd temperature encountered in 
high-altitude applications. 


DU PONT ELECTRIC DETONATORS. Instantaneous and 
q' Delay Detonators are used to initiate “Primacord” or other 
' high explosives. 

.\ll Du Pont detonators and squibs arc manufactured with 
rubber-plug closures and abrasion-resistant plastic insulation 
which are unafl'ecteil by extremes of temperature. They are 
1 . available in regular, low or high firing current types. 


J DU PONT HIGH-TEMPERATURE RIVETS. Du Pont Air- 
eraft Expansion Rivets are designed to meet the severe 
strength and space requirements of missiles and high-speed 
] aircraft. These heat-resistant fasteners retain high strength 
at elevated temperatures. .A-286 Superalloy rivets are olTered 
I*’ for use in temperatures up to 1-H)0°F.. and nickel rivets for 

- use to 800°F. All Du Pont .Aircraft Rivets arc set I'rom the 

, head side only and never need after-finishing. 


DU PONT “PRIMACORD" MS DELAY CONNECTORS. 

Available for delaying detonation of "Primacord”. 

Du Pont has had years of experience in delivering ignition 
and detonation devices to the military. Many of these devices 
have been, and can be, designed for speeific applications. For 
information on any of the above, write E- 1. du Pont de 
Nemours & Co. (Inc.), Explosives Dept., Wilmington 98, Del. 


DU PONT MISSILE AND AIRCRAFT SPECIALTIES 



weapon s\-5tcms; the weapon operations 
equipment installed in the carrier air- 
craft. and weapons storage and assem- 
)>ly procedures. 

Development Directorate 

Happy marriage of the USAb aerial 
deli'CA' systems and the AEC nuclear 
weapons is the primary jolt of the de- 
velopment directorate and the "bread 
and butter” mission of the Special 
Weapons Center. This directorate pro- 
vides a mana|cnicnt link between the 
aircraft industry contractnr.s who are 
developing new delivery systems and the 
AEC laboratories wlicre new weapons 
are under development. It is also 
charged with developing special sup- 
plementary equipment required for the 
complete nuclear ueiipons deliverv- sys- 
tem and with providing engineaiiig 
services to US-M' organiaations which 
procure, maintain and use nuclear 
vveapons- 

Thc problem of compatability has 
growai much more complex since the 
carlv use of atomic weapons in 1945 
when the main problem was getting the 
bomb to fit inside a B-29. Pliysieal com- 
patjbility between the weapon and car- 
rier is a continuing problem. Despite 
the development of the new families of 
smaller weapons, some of the megaton 
vidd weapons still pose sixe and weight 
problems for bombers. 

But other factors of compatibility 
now equally important are: 

• Electrical— N'nclcar weapons requite 
considerable airborne equipment in a 
carrier to monitor and control the bomb. 
These must all be carefully planned to 
fit into the carrier and match its aux- 
iliary electrical power output and othet 
sub-svstem electrical requirements. 

• Environmental— This includes vibra- 
tion and the negative and positive G 
loading the nuclear weapon must take 
botli inside the carrier and after release, 
and the wide variations of tempemture 
it must absorb between the ground and 
high altitude operations. 

• Aerodvnamic— This includes the prob- 
lems imposed by cxtcrnul c-arriage of 
midear weapons as on fighter-bombers, 
and the release into a high-speed air 
strc.im of nuclear weapons carried in- 
ternally by larger aircraft. 

• Operational- Installation, arming, fus- 
ing and firing sv'stems for various nu- 
clear weapons also must be compatible 
with the delivery tactics and operational 
concepts of the user commands such 
as SAC, TAG and ADC. 

Functional Missions 

On a fiictional biisis the dcvdnpnient 
directorate mission includes the follow- 
ing jobs: 

• Guide .\EC wca|)on design. Tliis 
job lias a dual aspect. First the develop- 
ment directorate participates in USAF’s 
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formulation of desired military diar- 
actcristics for future nuclear weap- 
ons. These characteristics arc trans- 
mitted through channels to tlie Military 
l.iaison Committee where thev- arc ap- 
proved and tran.sinitted to .\F.C. \\'hen 
this .^EC program begins, flic dcvclop- 
iiient directorate keeps in dose toudi 
to monitor the coinpatibilitv' require- 
ments outlined earlier. 

• Guide USAF carrier design. This is 
Iho opposite face of the compatibility 
problem and is carried out tlunugh the 
ARDC agencies that have prime tc- 
sponsibilifv for tlie development of par- 
ticular nuclear weapon delivery systems 
such as the ^Vcste^n Development Di- 
vision for ballistic missiles, the di- 
rectorate of nuclear sy stems for atomic 
powered voliicles and the directorate of 
weapon systems for manned aircraft 
and non-ballistic missiles, 

• Dcvclo]) components for nuclear 
weapons arming and fusing systems. 
Respuusibilitv for developing arming 
and fusing sv’stems for ,\EC-devclopcd 
bombs rests with AEC. But for practi- 
cally all US-M-' missiles, the arming and 
fusing svstem responsibility tests witli 
T'S.AF. 'Ilic development directorate 
monitors these programs with the con- 
tractors concerned through the appropri- 
i'te ,\RDC weapon systems projecl 
office. Most of the current bomb ann- 
ing and fusing systems cam be easily 
adapted for mis.sile use. However, in 
radical new weapons, new components 
for the arming and fusing system ate 

• ?>evetQp components for nuclear 
wc.ipons testing, confrol and monitor- 
ing systems. This is an arci in wbicli 
tlic trend towards simplicity and han- 
dling c-ase has been successful. Early 
atomic bombs required scientific person- 
nel for cacli mission to assemble, -inn 
and monitor the weapon in fliglit. By 
1950, development effort had reduced 
the complexity of this operation so that 
a .vpeciallv-tr.iined air weaponeer could 
handle this job in flight. New- develop- 
ments in simplified airborne T-boxes 
have reduced the requirement for air- 
borne monitoring even mote. 

• Dcveloji handling equipment for un- 
clear wciipons. USAF has a major 
problem in handling nuclear vveapems 
after they arc mamifactiirfd by .\F.C. 
Tlicy must be stored under fnirlv specific 
conditions, transported to airfields and 
loaded aboard delivery systems. Opera- 
tional commands want fast Ironsixirt 
.ind loading facilities since their time on 
the ground i.s a period of maximum v ul- 
nerability. Mo.st aircraft delivery sys- 
hins have special problems that requite 
design and development of special 
equipment to cope vvitli problems such 
as the no.se wheel stmts on the B-4". 
Ihe low hclK on the B-47 and the wing 
spar arrangement on the B-45. There 
is an urgent need to develop new and 



Pu Pont Alrcreft RIvott are currently being used in new uJtra-higb- 
speed engines composed principally of heat-reeistant materials. 


DESIGN ENGINEERS FIND 

DUPONT AIRCRAFT RIVETS HELP SOLVE 

high speed temperature problems 

ONE-PIECE SUPERALLOY FASTENER RETAINS STRENGTH UP TO lAOD^F 

Here's why design engineers report the Du Pont A-286 Super- 
alloy Rivet ideal for advanced high-temperature applications: 
t— A-286 Superalloy rtbsim its high shear and tensile strength 
up to UOtFF. 

a— Du Pont Aircraft Rieets permit great flexibility of design, 
since they are une-pieoe fasteners set only from the head aide 
— an asset of paramount importance in today's limited-space 

These rivets also speed and simplify manufacturing processes. 

Just place rivets in drilled holes and expand them. Sheets are 
locked firmly together. No after-finishing is necessary. 

Also available for above-average temperature applications 
are DuPont Nickel Aircraft Rivets. TTiese fasteners are designed 
to withstand approximately 800°F., and have all the mechanical 
advantages of the Superalloy Rivet. 

For fiu-ther information on the specifications and design possi- 
bilities of heat-resistant Du Pont Aircraft Rivets, writei'E. I. 
du Pont de Nemours &. Co. (Inc.), Explosives Dept., Wilming- 
ton 98, Delaware. 



DU PONT AIRCRAFT RIVETS 



BETTER THINGS FOR 


A Product of Du Pont Research 

BETTER UVIN6 . . . rHtOUtSH CHEMISTRY 
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Honeywell Aero manufactures the only null 
balancing capacitance system for measuring 
liquid oxygen. It provides the pilot with extremely 
accurate oxygen supply readings, and signals 
him when the supply reaches the danger point. 
The system’s sensor is sealed inside the 
container. A separate indicator with 
transistorized power unit is available (no. 1 
above) as well as a single package transistorized 
unit (no. 2). This system demonstrates 
Honeywell’s leadership in capacitance 
measurement systems. 
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better equipment for both transport 
and loading of nuclear weapons. 

• Develop suspension and release svs- 
tem components. Ibis includes bomb 
shackles, sway braces, slings, retraction 
dev ices, hoists and weapon ejectors, 

• Develop special bombs and rockets 
for use with nuclear warlie.ids. US.M' 
often needs special configurations of 
nuclear bombs or rockets for specific 
missions or carriers. I'nr certain cases 
such as development of bomb shapes 
and other particular US.M-' applications, 
the Special V^'capons Center is assigned 
rcspomihiliK'. 

• Co<»rdiD8te USAF development of 
drogue devices for nuclear weapons. 
These drogue devices are nonnallv devel- 
oped by Wright Air Development Cen- 
ter. but Special Weapons Center’s job is 
to establi.sh the need for such devices, 
develop their operational cliar.ictcris- 
tics. arrange to establish specific devel- 
opment programs at W.^DC and 
to-ordinate this development with AEC. 

• Develo]) nuclear practice bombs. 
US.^F has a big requirement for bal- 
Kiticallv-truc nuclear practice bombs 
since operational training with live 
bombs would be too expensive .and 

E olitically impractical. Tliis is iiarticii- 
irly importimt for fighter-bomber 
dclivcrv- where pilots must become 
Jccustamed to asv-nimctrical control 
forces while flying a bomb to the target 
Slid during d^iverv numeuvets. 

• Co-ordinate development of nuclear 
weapons siniiililtors. W'ADC equip- 
ment laboratorv’ actuallv develops these 
devices that permit crew training in 
opcnifion of control and monitoring 
svstenis for nuclear weapons. 

• Develop miclear weapon atbick plan- 
nin| data. Some dclivcrv nictlinds for 
nuclear weapons require cxtrcmclv dc- 
t.iiled pre-flight planning to include 
sucli data as fuse .settings, attack cnln' 
condition.s, altihide. speed, wind condi- 
tions, ballistic data, escape methods and 
other factors. 

• Support other ARDC centers and 
US.\F commands in engineering stand- 
ards and field engineering service 

f roblems on nuclear weapons and rc- 
itcd equipment. Special AVcitpous 
Cpitcr supplied Ait Materiel Command 
with specifications for procurement on 
•AEC and USAF-dcvcloped nuclear 
weapons and related equipment. 

Afomie Test Group 
The organization now known as 
492sth Test Group (atomic! has de- 
livered all of the air-dropped atomic 
bombs in AEC tests since the end of 
\\ orld W'ar II and last Mav made the 
liist air drop of a thermo-uucicar bomb 
w ith a megaton yield over the Eniwetok 
Pioving Cmimd. 

The 4925th Test Group operates a 
fleet of 55 aircraft valued at $90 mil- 


lion and ranging from the latest US.AF 
bombers and fiehters such as the B-52. 
F-lOO and F-IOI to specially equipped 
C-47s and helicopters. It currently has 
1 09 active test programs and uses fa- 
cilities valued at SIO million with SI 3 
million in support and test equipmeut. 

The group consists of five squadrons: 

• 4924th Squadron is the armament 
electronics eqiiiiiinciit test organization, 

• 4926th Squadron is the atomic cloud 
sampling .squadron operating F-84 jet 
fighters and B-57 jot bombers. 

• 4927th Squadron does atomic weapon 
testing with fighters and medium 
bombers and is equipped with the 
l^lOO, IMOl, F-84F, F-86, B-47 and 
T-J5. 

• 4928th Squadron is a composite test 
squadron including the heavy bombers 
such as the B-52 and B-36 light bomb- 
ers such as the B-66 and B-57 and 
laboratory aircraft such as .s|jcciallv in- 
strumented C-47s, and H-19 helicopters. 

• 4929th Squadron is a development 
test organization concerned with pro- 
viding technical Support for the other 
missions. 

Nuclear Drops 

Two biggest test operations of the 
4925th Croup ate in support of the 
.\EC testing of nuclear devices and 
new wcapon.s at the Nevada Proving 
Grounds north of Las Vegas and the 
Enivvetok Proving Ground in mid- 
Pacific. The 4925th Group drops aiiv 
nuclear weapons or test devices that 
.ire required by AEC and provides a 
wide variety of specially instrumented 
i'ircraft to perform specific missions in 
support of full-scale tests. It also tracks 
the radioactive cloud and monitors 
fall-out. Until the four-mile error 
in dropping a megaton yield weapon 
was made in the current operation Red- 
wing at Enivvetok, the 4925th had ii 
record of delivering their atomic bombs 
with a circular probable error of less 
Ilian 700 ft. and within seven seconds 
of predetermined time. 

The test group also docs the first 
testing of nuclear weapons vvith each 
new aerial delivery system as it comes 
off the aircraft indu.strv production 
lines and trains tlic first USAE in- 
structors in the combined use of the 
weapon-aircraft combination. For ex- 
ample. the test group first tested the 
B-52 as a delivery vehicle for both 
kilotoii and megatun-vield bombs and 
iiuclcar-wcipon dclivcrv' capabilities of 
the F-lOO and F-101 fighters and the 
B-66. 

In addition, the test group does engi- 
neering evaluation of prototype nuclear 
weapons and their associated equipment 
and runs test programs on terrain sur- 
vevs. cloud tracking, cloud sampling 
and other miscellaneous procedures re- 
lated to nuclear weapons testing, ■ 
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Ihe pioneer manufacturer of 
packaged high pressure 
pneumatic systems now offers 
two additional high capacity compressor 
packages designed s pecificall y for 
fuel air starter s ystems . 


The Cornelius Company has designed two new 
“packaged” pneumatic systems. The new Models 
86D1500 ilO CFM) and 86D1600 (7 CFM) 3000 PSI 
packages provide complete air supply systems up 
to the air reservoir. 


t "pockage” tyslemt combine inlet air 

tor with thermostatically controlleJ heat- 
t, automatic condensate dump, check 
ure switch, relief valve and back pressure 
a complete pre-tested, functional system 
istallation in airframes. 


Sove weight and space with Cornelius " 
pneumatic systems by eliminating separa 
nents, associated tubing, fittings and flare ct 
"Packaged" systems mean potential leaka 


The enthusiastic acceptance of Comeliui high pr 
denced by widespread use of Cornelius Model 130 c< 
hove been proven by Ihousonds of hours of flight se 


Grumman S3F 
Lockheed P2V 
Martin P3M 


acu' Corneliits compressor "pachages 

Minneanolis 21. Milsnesot 


' COMPANY 

Minneapelis 21, Minnesota 

PIONEERS IN THE DEVELOPMENT OF AIRCRAFT PNEUMATIC SYSTEMS 
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WS-125A Will Measure Range in Days 


By David A. Anderton 

Weapon System Number 125.A is a bomber with supersonic dash pei- 
foniiance, powered by the terrible cnc^- that has devastated bvo cities, 
vaporized a fleet and swallowed an island. 

Tt is the first of a long line of aircraft whose engines will be turned by 
the heat from nuclear fission, Tlic bomber, with range measured in davs 
instead of miles, will be joined bv earlv warning aircraft, logistics carriers 


and mother planes bearing fighters am 

These arc file first generation, now 
growing through embryonic stages for 
a birth not too distant, Still unborn 
are tlie fleets of miclcar-propelled trans- 
jjorts, uiissiles and the vehicles that will 
take man bey ond tlic limits of his knowl- 
edge and sight. 

The job of creating dreams, solving 
problems and measuring men for the 
myriad aspects of nuclcir propulsion is 
largely the responsibility of the Air Re- 
search and Deiclopmciit Command. 
Two Programs Under Way 

Tw o parallel programs arc under way 
on the 125A. with a possible third in 
the offing. Coni'air dis ision of General 
Dynamics Corp. is teamed w ith General 
Electric Co. on one concept. .A second 
kind of powerplant pins airplane is be- 
ing worked out by Lockheed Aircraft 
Corp. and Pratt & Wliitncv Division 
of United Aircraft Corp. 

Final choice of poweqilant and con- 
figuration is uncertain. It’s on an "and- 
or" basis; either or both might be 
chosen for following tlirongli to flic pro- 
duction model. It is certain that the 
\\'S-125-A program will call for a num- 
ber of etpcrinicntal aircraft, probably 
all identical cvtcmally. .An early test 
sehicle definitely not of prototype con- 
figuration is the Convair XB-36I1, a 
modified B-36 with a small test reactor 

Sub-Systems Already Tested 

'Flic \V'S-12SA bomber sistcni is 
closer to reality than is generallv real- • 
ized. Many of its sub-systems and com- 
ponents base been built and tested in 
tlie pcciili.ir environment in which thev 
will work. 

The list of tangible accomplishments 
is a formidable one. Progress to date in- 
cludes: 

• Tests of rc]ircsentative systems of typ- 
ical aircraft. Designers now can find 
out what happens to all parts of a land- 
ing gear, including the tires (thei' get 
spongy) and the hydraulic fluid. Similar 
data is available for standard radars and 
associated sistems. These results are 
based on the “go, no-go" pliilosophy. 

• Knowledge of tlie behavior of com’cn- 
tional structural materials under contli- 
tions of claated temperatures plus ra- 
diation. 


ctl with aii-to-aii missiles. 

• Useful life data for many components. 
Transistor life, to cite one example, lias 
been e.stablislied quite precisely. 

• Heat exchanger system tests. The 
first sub-system experiments at very liigli 
temperatures h;uc been concluded long 
ago. During one of these, a centrifugal 
pump nm at vcllow heat while boosting 
molten metal through its spinning in- 
terior. llicre was not even a gas leak. 

Much remains to be done before anv 
of these systems can be considered com- 
pletcli’ understood. Most of the data 
lias been gathered with the idea of es- 
tablisliinglimits: either the unit worked 
or it didn’t. Either it was accepted for 
the airplane or it was rejected. 

Mony Centers Involved 

Like human factors, another growing 
field of science and engineering tliat 
cuts across the sclicduling boards of 
ARDG, nuclear propulsion problems 
arc shared by many groups within the 
Command, gcograpliicallv spread all 
around the countrv. Considerations of 
the peculiarities of propulsion by atomic 
energy arc dominating factors in the 
future plans of every center. 

• The search for fundamental knowl- 
edge of the atom itself is airier! by 
studies sponsored bv tlie Office of Scien- 
tific Rcscarcli. 

• At Cambridge and Rome, engineers 
worry about the effects of nuclear ra- 
diation on commonication, radar and 
countermeasures equipment. 

• Laboratories at Wriglit Air Dc'clop- 
nient Center must oversee the design 
of systems planned to operate in the 
searing rays of a reactor. 

• Parts of tile iiowcrplant will be tested 
at AEDC. 

• A crew from the Flight Test Center 
will ei’aluate the fliglit performance of 
tire prototype. 

• The destructive power of the weapons 
bom at Special W'capons Center will 
yield coiistnicth'c data that can help 
save the lives of the crew in the 125A. 

• Establishing the Iniinan tolerance to 
radiation is a special responsibility of the 
Aero Medical Laboratory, where manv 
kinds of data arc being correlated. 

• Tire Nuclear Engineering T est Facil- 
ity, sclicdulcd for completion at AVADC 
in 195S, will take a large load of the 


technical support of WS-125.A from the 
crowded reactors of the .AEC, where 
many tests liave been and are being run. 
ARDC's Partners? 

But the job is not completely the 
Command’s sliow. Relations bcKvecn 
ARDC and the Atomic Energy Com- 
mission arc close, neccssari' and mutu- 
ally productive. At top lei'cl. Maj. 
Gen. Donald J. Keini acts as special 
assistant for nuclear propulsion to 
-ARDC's commander, Lt. Gen. Thomas 
S. Power. Gen. Kcirn also is chief of 
the Aircraft Reactor Branch of the 
-AEC’s Reactor Dciclopnicnt Diiision. 

By agreement beriveen the Defense 
Department and tlie Atomic Energy 
Commission, AEC holds responsibility 
for a reactor design until it is in tlic 
pmtotipe— or wliat the AEC calls a 
"replica”— form. Consequently the air- 
craft nuclear powerplant contracts arc 
joint .AEC-USAF contracts with Gen- 
eral Electric and Pratt & Whitney. Air- 
frame contracts witli Lockheed and 
Convair name only the U. S. Air Forte 
as the buyer. 

Much work supporting A\'S-125.A 
has been done by AEC's Aigonnc Na- 
tional Laboratory, the Nuclear Reactor 
Testing Station at Idaho Falls. Idaho, 
and the Oak Ridge National Laboratory, 
Oak Ridge, in fact, conceived one of the 
nuclear propulsion svstcnis now being 
built. 

Contractors arc major contributors 
to the W'S-123A program. Lockheed 
and Comait airframes must carry PdrW 
and GE engines. Tlic School of Avia- 
tion Medicine under the Surgeon Gen- 
eral of the Air Force is making most 
vital contributions to the WS-123A 
(and programs to follow) by its work 
with human dosage tolerances. The 
Medical Advisory Group, made up of 
hitcmatinnally known authorities re- 
porting through the school, is lending 
great fielp. 

The Dominating Red Thread 

Through the entire fabric of progress 
being woven for niicicar-propcilcd air- 
craft runs a single red thread: radiation. 
It dominates the pattern from start to 

Onto the troubles caused by the high 
temperatures of contemporary flight 
must be piled entircli new troubles, 
triggered by the invisible rays from the 
atomic heart of the aircraft powerplant. 

Radiation can kill or injure men, It 
can alter materials, making structural 
changes in the metalhirgv of allovs, mak- 
ing rubber tires and seats and lines 
spongy, and making radars inopcratii’e. 
It contaminates the crew's clothing. 
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iliacts iind computers, the pencils in 
their eoveralls, their food and their 

A few years ago, tlicsc problems were 
|iisf questions, their ans'vers unknown 
because of the lack of data. But now 
llicre arc answers to man}- of tliem, ob- 
tained from tests of crersthing from 
tiny material coupons to conijjlcte air- 
riaft srstems dunked in a swimming 

Gradually the knowledge of radiation 
effects on things grows. But the big 
unknown is the effect on humans— on 
the crew that must fly the airplane, the 
ground technicians who maintain and 
repair it and its s’lStcins, the contractor 
rc|jrcsenta tir es «ho lire rvith their air- 
iraft or porrcrplant or pumps or \-alves 
111 the field and rvork alongside the ine- 


lirside the Engine 

The basic element of a nuclear pow- 
irplant is the reactor. Here in a small 
rolnine is generated tbc enormous 
amount of hwt to be eonrerted into 
iiicchaiiica! porver by the engines. But 
liie atomic fire bums rr jtb tlic cnergr' 
taken from the binding forces that bold 
the atom together; rrith that force rc- 
iiiored. the atom flies apart. Its frag- 
ments arc hot and dangerous. These in- 
risiblc bullets can injure, maim and 
kill. They can cause something like a 
summer sunburn, or a disfiguring death. 

These sub-atomic missiles can’t be 
aroided. but they can be stopped by 
sliielding. Some will balk at a sheet of 
|)apcr or aluminum; others rr ill demand 
a defense of a thick rrall of lead or con- 

Ttierc arc two ways to sliicld an air- 
craft reactor; 

• Ncar-utiit shielding, where the total 
ainoimt of .shielding material is placed 
around the reactor itself. 

• Highly divided shielding, where the 
total amount of shield is proportioned 
Iwtwcen tlio reactor and and the ctew 
conqwrtment. 

Technical trends suggest that the 
highly divided concept is the better 
nay. It keeps tlic cross-scction of tlie 
fuselage at a inininnim, which means 
high performance. But it induces ra- 
diation problems: stray particles can es- 
cape from tlic lightlv-shielded sides and 
be bounced bacE by collisions with air 
inolccnlcs to increase radiation densities 
in the crew compartment. The same 
particles can damage structure, avionic 
gear and the aircraft systems, 

A completciv shielded reactor, de- 
signed with present-day long-term safety 
ret|mrenicnts in mind, would be so 
massive that no reasonable aircraft could 
lift it off the ground. Such a reactor 
would be completely safe; the conser a- 
live radiation levels that have be'cn es- 
tablished by the .AEG would not be 
exceeded and operators could then stand 


by the reactor on continuous duty. 

But a short militarv' mission is played 
to a different set of rules than a long- 
term laboratory operation. Tlicrc is a 
tompromise somewhere between life 
.ind death, a calculated risk made worth- 
while by the tremendous payoff of the 
militarv mission. 

But where is that dividing line? 
Ncitlicr the white of long life nor the 
black of instant death is acceptable; 
how gray can the mixture be? 

Balance of Life 

. To find out. you must know the 
tkimage done by radiation. The four 
liorscmeai of the atomic .Apocalypse- 
alpha and beta particles, gamma rays 
and neutrons— can cause cataracts, leu- 
kemia. genetic changes and shortening 
of the life span. 

’Ilie probabilities of any or all of 
these effects have to be wcighcti agiiinst 
the value of the mission to lie performed 
by the atomic airplane. Tbc final de- 
cisions on shielding— which will deter- 
mine the amount of radiation reaching 
the crew- have to be made from that 
fine balancing of values. 

'Ihc acute aspects of radiation effects 
-liiosc that occur within a short time 
after exposure- arc well known. But the 
chronic aspects that reach their full ef- 
fect with time arc not so well defined. 
There has not been enough time yet 
to determine them. 

So there are no criteria for unsafe 
exposures. The AEG level of 300 niii- 
lirocntgens pet week was determined as 
a conscn'ative value for long-term ex- 
posure. A chest X-ray gives a dose 17 
times that value. But the data from 
which to draw damage conclusions is 
scarce. Some indications can be ob- 
tained, hot there is imperfect corrcla- 

One-Shot Crews 

Right now the tendency is to be over- 
cautious. One generally accepted con- 
cept is that of the one-shot crew. The 
idea would be to single out s|)ccial 
crews for missions in the atomic air- 
planc, much as lead and select crews arc 
chosen bv Strategic Ait Command. 
'ITicsc crews would train for a single 
mission vvitli a single ta^et and alter- 

If war came, this crew would perform 
Its mission and rctire. 

Tlie reason is a conservative one, be- 
cause the exposure limits arc not known 
to any degree of certainty. Rather tliaii 
take a chance with tlie chronic prob- 
lems. some atomic scientists feel that 
a crew should have onlv one mission’s 
exposure to radiation. 

But what about an emergency? Sup- 
pose the plane were hit by enemy fire 
and its povvemlaiit controls were 
knocked out. Tne reactor runs awny. 
becoming a seething mass of molten 



Through the 
efforts of engineers 
Tlie Garrett Corporation 


electronic computers 

lutbomachiiiery 
The Garrett Corporation is also 
applying this engineering skill to the 
vitally important missile system 
fields, and has made important 

development and in design of 
turbochargers and other 

Our engineers work on the very 
frontiers of present day scientific 
knowledge. We need your creative 
talents and offer you the opportunity 
to progress by making full use of 
your scientific ability, Positions 
are now open for aerodynamicisis 
. . . mechanical engineers 
. . . mathematicians , . . specialists in 
engineering mechanics . . . electrical 

irmation regarding 
jporlunities in ihe Los Angeles, 
Phoenix and New York areas, 
write today, including a resume 
of your education and experience. 
Address Mr, G. D. Bradley 
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Two unit pressure control 

FOR ALL SIZES OF AIRCRAFT CABINS 

Simple, proved AiResearch pneumatic system operates 
independently ... requires no oufs/de power 


The Ivvo elements of ihe complete 
.AiResearch cabin pressure conlrol 

and an associated oiilflovv valve. 

Only calibration is required to 
adapl llie controller to various air- 
craft cabin jiressure requirements. 
Minimum or no servicing is needed. 


The outflow valve is a simple dia- 
phragm and spring operated valve 
comicctcd to the controller by a 
pneumalic line. It may also serve 
as a safety valve under emergency 
coiidiliuns. 

.An electrical or pneumalic over- 
ride can be jirovided lo give the 


t'Ondilioiis warrant it. 

This system is immediately avail- 
able for all aircrafl models. Your 
inquiry is invited. 

Qualified engineers are needed 
now for unexcelled career oppor- 
tuiiilies. Vi rile for iiiformalioii. 



AiResearch Manufacturing Divisions 




THE SHAPE OF THINGS .. . 


To lighten the load and lower the cost, firestone developed the revolutionary drape-type fuel tank 
assembly, using collapsible cells of 2-ply nylon fabric impregnated with Buna N rubber. Seven years 
of success in pace-setting aircraft confirm the superiority of this forward-looking drape design. 

Bui the challenge never ends. Currently, Firestone designers are developing fuel celts that will withstand 
the tremendous extremes of temperature encounlered by today's far-advanced aircraft. 

For the shape of better things to come.. .we invite you to Look to the Future with Firestone. 


'Firestone TIRE 4 RUBBER COMPANY 

AIRCRAFT DIVISION. ..LOS ANGELES 54, CALIFORNIA 
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flic] Jiid hansfct medium, pumps and 
iint-i, Sliieldiiig is no good any niorc- 
Thc crciv miglit eject; Init tliei would 
be irradiated witli a massiic dose. 

Must the designer provide emmgli 
shielding around the jcttisonable puts 
of tlic eoekpit to get a crew tlirougli llic 
ti.nnwav reactor flux witliout injury? 
Lgnding Problems 

I low about battle damage not sufli- 
eicnt to present the plane Fn)in getting 
back to base? Its landing gear or flap 
jsstems might be shot out and the pilot 
forced to make a belly landing. Sup 
[xise the plane broke up, spilling its re- 
actor user the riinwav? 

Or Mippisc it didn’t quite make the 
field and landed short, or broke up in 
niid-air during the approach, 

'I'hesc latter considerations arc the 
ca,sicst to deal ivifh because the range 
of a nuclear aircraft makes it pissible 
In choose a base remote from pii|)nla- 
tion niasses- 

i'hen the safe retiirii from a mission 
noses king-size |)robleins. The airaaft 
is contaminated by radiation from the 
blast of its own nuclear sveaixiiis, pos- 
sibly from the nuir-miss or fallout of 
an atomic aiiti-aircraft missile, and cer- 
tainly from its scif-geiicrated radiation. 
How c-an a ground crew handle it. 

Perh.ipi reniotcK controlled cranes 
cnnld lift out the rcrietor ami dimi|) it 
iiilo a shielded pit. ,\nothcr crane 
might reniose the crew compathnent 
and trundle it away on a radio-contrnlled 
tiiick. robot tractor might toss the 
em|>ty airframe to a decontamination 

'I'hc training of a crew to fls' a nuclear 
aiieraft means that cressTnen must rc- 
ceise some actual radiation unless thes' 
train only in simiil.itors. There is some 
feeling that esen tlie most accurate sim- 
ulation of flight does not train siiffi- 
ciciitlv for a complex mission. 

Maintenance and repair of nuclear 
aircraft means radi.ition hazards for 
ground ctesss and the contractor field 
sersiee represenratives. 

I'inally the airplane has ontliscd its 
usefulness; it is svar-sseaiy and normally 
il svonld be broken np for scrap. But 
not this planc-it must be tre.itcd al- 
most like a spent fuel dement and 
prepared for disposal at some remote 
site svhcrc atomic asbes still bum. How 
do soil handle a large mass of hot inate- 

"Wiirking on these kinds of jirob- 
Icins.” .said Col. Clyde R. Gasser. 
W'.MIC's Director of Resciireh, "makes 
sou feel like you’re trsing to do esets- 
Ihing behind sour back ssith mirrors- 

"W'c’vc bceli ssorkiiig on W'S-12fi.\ 
for 11 sears." he said, "niere is a lot 
to be done, but sse'rc aircadv svotking 
on the next ones 

'■This \\'S-125.\ is just the first step, 
and there’s a long road ahead.” ■ 
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SUB MINIATURES 

Now you can gel sub-minialurc "kcy-locking" inserts 
in 0, I, 2, 3. and 4 thread sizes. Sub-miniatures, made 
only by Kelox, olTer design engineers the opportunity 
for making small assemblies even smaller and lighter. 
Identical to regular Kelox inserts, these new "key- 
locking” sub-miniatures will not rotate or loosen with 
vibration . . . provide maximum bolding power . . .save 
weight and space. 


SAVE WEIGHT... 
SAVE SPACE 



with 


KELOX 



The Kelox system of threaded and tapped inserts offers the 
ultimate in weight- and space-saving design. Maximum 
holding power between parent and bolted piece is ob- 
tained because patented "kcy-locking” produces no stress 
eoncenlralions and permits complete use of external 
threads. Independent laboratory tests have verified that 
“kcy-locking" succe-ssfully withstands application of 
mn.ximuin torque. 

Low cost, casy-to-install Kelox inserts arc available 
for internal thread sizes from 0 to 3 inches. Made of 
many materials (alloy steel, corrosion-resistant steel, 
brass, aluminum alloy, monel, etc.), Kelox inserts are 
also available with thin 
or thick walls for use 
with various materials 
— aluminum, magnesi- 
um, “pot" metal, plas- 
tic, titanium, steel, etc. 


EXTRA LARGE 

For big assemblies, Kelox extra large in- 
serts (up to any specified diameter) give 
unmatched performance— performance 
that verifies the soundness of Kelox ex- 
clusive "key-locking” principle. Only Kelox 
offers you a positive, non-rotating insert 
that does not break down protective coal- 
ings like ceramic . . . requires no special 
threads . , . gives maximum reduction of 
space and weight. 



Fasteners, Inc. 


SALES REPRESENTATIVES— 
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The three new Lockheed aircraft shown on this 
page all are equipped with Macwhyte "Hi- 
Fatifue” Control Cable. The wide use of 
Macwhyte aircraft products by lending manu- 
facturers like Lockheed is proof of their qusiity 
and dependability. 

Because it is properly PREformed, "Hi- 
Fatigue” cable lies dead with no tendency to 


twist or curl. Assemblies can be made to closer 
tolerances, and there is minimum uniformstretch. 

Macwhyte makes a complete line of sizes and 
types of "Hi-Fatigue” aircraft control cable in 
Galvanized, Tinned, or Stainless Steel. Macwhyte 
aircraft products meet the requirements of 
aircraft manufacturers, airlines, and military 
specificatioiis, 
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• REACTOR 

First USAF Reactor Due in Two Years 



T\’riglit-Pattcrsoii AFB, Ohio— T’hc Air Force's first big nuclear reaelor, 
the 10-niegawatt heart of the Nuclear Engineering Test Facility at Wright 
Air Dcvclopinciit Center, is scheduled to begin initial operations within 
two years. 

A major task for NF.T'F will be technical test support for the nuclear- 
propelled 'SVS-125A u’capon svstcin. Everything from tiny samples of materi- 
als to completely operational major systems will be tested. 

Availabilitv of this new reactor and its test areas will relievo greativ the 
WS-125A workload now programmed into the overloaded reactors of the 
Atomic Energy Coniii ' 


and treatment plant, llierc it will be 
readied for shipment and final disposal 
at one of the Atomic Energv Commis- 

A laboratorv buildiu| ncatbv will 
contain facilities for low-level radiation 
work in metallurgy, chemistry, physics 
and other fields. 

Plans for Staffing 

'flic NETF staff will combine mili- 
tarv and civilian technicians who liave 


Atomic Energy Commission’s reactor 
stations. 

In addition, there will be specialists 
familiar witli tlic partiailar problems 


Present plans call for NET!'' to be 
fully staffed, wi'tli calibration and shake- 
down runs behind it, bv niid-19S8. 

Construction began last month on a 
site near the south bonndarv of 
WADC. 

Five Test Areas 

Basic layout of the reactor building 
will provide five different testing facili- 

• "Swimming pool,” a large water con- 

tainer where a complete ctew compart- spent from six months 
ment or other large prototype aircraft special training 
system can be subjected to controlled * ' ' " 

Icrarls of radiation. 

• Two bate reactor faces, with adjacent 
test cells where a complete engine or 
other component can be tested in the 
presence of intense radiation. 

• A thermal colnnm. which prin'idca 
tliennai neutrons for test purposes. 

Thermal neutron.s are atomic particles 
slowed down by a moderator until their 
average energy is about that of the 
atoms of the medium that is being 

Tlicy arc associated witli tlic fuel ele- 
ments of a reactor. 

• A gamma source, which actually is a 
storage dump for spent fuel elements. 

Gamma radiation comes from tlic fis- 
sion process and is gi\en off bv tlic fuel 
ash after fission has begun. 

• A “rabbit” for testing materials dur- 
ing a brief exposure to cxtrcmelv high 
radiation. This unit gets its name from 
the electric rabbit of tlie dog tracks, 
and is like a ear running on a circular 

Tlie sample to be tested is placed 
in tlie tar, which tushes through the 
reactor core. 

Test Object's Route 

Tliesc tost installations are laid out 
in a crucifonn pattern projecting from 
the reactor faces. 

After exposure in one or more of 
these areas, the object being tested will 
be moved to the Iligh-LevcT Radiation 
Building adjoining the reactor building, 
where the extent of radiation damage 
will be determined. 

With the tests and anahsis com- 
pleted, the irradiated object has to be 
moved again to a waste disposal storage FIRST AIR FORCE reactor v 


of the nuclear systems assigned to each 
\\'ADC laboratory. Tliey will prepare 
the complete rigs tliey want to test, 
analyze test results and dcterinine the 
courses of action su^cstod by the 

Service Group 

llierc also will be a scn icc group set 
up within tlic Aeronautical Research 
Laboratory of \\'.MX^’s Research 
Directorate to handle special anah tical 

Contractors arc expected to supply 
professional personnel, trained in nu- 
clear problems, for their scheduled tests 
in NEl'E. 

NlfTl’’ is one of tlic first steps to- 
ward establishing an ARDC atomic 
center, Said one officer: "W'c'll need an 
atomic center sonic dav for the adi anccd 
manned nuclear systems, iiucleiir 
rockets and tlie things that lead out to 

"Tile nuclear bomber is just the vciy 
crude beginning of .1 long line of these 

"You can't make progress witlioiit tlic 
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• XB-36H 



ENLARGED nmie of iiiodilicd B-3G coiihiiiis sliicldiiig. OHicial ladiatioii SMnbnl decoruK'S tail. 


XB-36H Tests First Airborne Reactor 



XB-36H ctew on first flight; A. S, Wilchcll, Jr., pilot; I. C, Nance, tiucle.ir test engineer: 
L. C. Bumlvig. copilot; S. M. Aiidtich, flight test enginver; ]. D. Mclijchecii. flight eiigincet. 


Ft, AA'ortli. Tex.— 'llic first airborne 
nuclear reactor tests are being made 
no«- under dynamic conditions in the 
Convair XB-36H. modified B-?6 air- 

I'liis airborne reactor, designated 
ASTR. is orre of two nuclear facilities 
operated bv Convair Disision of 
Gciictal Dvnaniics Corp. to get back- 
ground data for the dcxelopment of 
tlie companv's nuclear-propellcd wea- 
poit system. 'Ihe ASTR is a low- 
power unit, rated at one megawatt, 
about equivalent to 150 lb. of thrust 
if it were part of a ptopulsioit sy stenr. 

I'lic ni.ijor purposes of these airborne 
test.s art to rcaffinn ground reactor data, 
to g:iiii experience in reactor handling 
aird equipment functioning, and to 
studv trew shielding and oxcr.ill effects 
on tlic airframe. 

Ground Test Reactor 

Convair’.s other rc.ictor is the C I'R 
(Ground lest Reactor), and is used in 
connection witli a small "swimming 
pool." Its rating is also one inegassatt. 
Both reactors are part of the overall 
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WS-125.A program directed hv the 
people in the Air Research and Devel- 
opment Command connected with the 
many aspects of nuclear propulsion. 

Flying the XB-36H 

llie colorful XB-56I!. svilli its 
strangeh .shaped nose and the llitce- 
vaned radiation symbol bright on its 
vertical tail, flss from a long ruinvay 
at Convair’s facilities licrc. Blue paint 
on the nose streaks along the fuselage. 
Red flashes set off the wingtip jet en- 
gine pods. 

The nose resembles the stepped- 
svindshield design of current transpcirts. 
Inside, shielded from radiation, arc tlic 
fliglU crew and the reactor operators. 

The reactor itself is back in the 
fuselage, its position marked by a large 
airscoop on each side near the rc-.ir 
scanners' stations. Tliese scoops sup- 
ply air for the reactor’s lie-at exchangers 

Onh the pilots and the reactor eicsv 
arc aboard this aircraft. 'I'lie scanners 
iiaxc hcCTi replaced Iw closed-circuit 
television, which also performs the x ilal 
task of monitoring the reactor controls. 

The otlier technical pcrsnimel ncccs- 
satv to flic test arc in a B-50 filing 
formation at a discreet dist.mce. .Among 
the B-50 crew arc 10 engineers trained 
as parachutists- nicy arc a part of the 
safeti |)rccautinns surromitling these 
tests. 

If there is a disaster involving the 
XB-Bfill. it will be their job to jump 
near the disaster area and cordon it off. 
working with loe.il law cuforecnient 
groups. 

All flights are conducted oier iso- 
lated areas of the Southwest to cut to 
the minimum the risk of endangering 
the public. 

Tests in the Air 

The ASTR is unique; it can prosidc 
variable shielding of its core hy means 
of movable shields of clifferent nia- 

Tliis is to determine the sliieUliiig 
capabilities of a whole spcctnim of ma- 
tenals. alone and in coinbination with 

Special tipcs of miniaturi/ed. riig- 
gedized nucTcar instrumentation had 
to be developed for this task, in addi- 
tion to meeting the tricky rc(|iiircnieiits 
of the television system. 

So far tests have confirmed early pre- 
dictions that the crew would be quite 
safe from radiation hazards- The tests 
also have confirmed other shielding 
parameters for airborne reactors. 

Right now. this program is an all- 
Comuir show. b\ the c()ni|)any's re 
quest- Gracluallv USAl' personnel arc 
being brought into the test ptogr.im so 
that its personnel also will heiielit frciiii 
the training and experience being g.iincd 
in this unusual aircraft. ■ 


Checked to your specification! 
...Shipped to your schedule: 



Ex>CelI-0 produces actuators and 
assemblies in volume for jet planes and 
guided missiles. 

You can rely on Ex-Cell-O to handle 
your precision production and assembly 
work on schedule; to lend you any assist- 
ance required to solve your individual 
problems. For information or a quota- 
tion, write, phone or wire the Precision 
Products Division of Ex-Cell-O. 

EX-CELL-O 

CORPORATION 

MLNUraCtURIRS OF PRECISION MACHINE TOOIS • CRIN0IN6 
SPINDIES • CUIIING TOOLS > RAILROAD PINS AND 
RUSHINGS • DRILL JIG RUSHINGS • AIRCRAFt AND 
MISCELLANEOUS PRODUCTION PARTS • DAIRY EOUIPMENT 




United Aircraft Products uses BISHOP TUBING 

for Metallic 0-RINGS* 


Because there is nothing quite like stainless steel 
tubing to withstand the tortures of vibration, ex- 
cessive temperatures, stress and pressures, United 
Aircraft Products, Inc., selects BISHOP quolily tub- 
ing for its Self-Energiied Melollic O-Rings* 

Fabricated from Bishop #321 stoinless steel tub- 
ing these O-Rings' con be used between any 
two flat mochined surfaces to form a pressure- 
tight joint. Another typical application of Bishop 
quality tubing used in today's high-speed aircraft. 
You, loo, con depend on qualHy performance 
when you specify BISHOP tubing. 


CAPIIURY, MECHANICAL, HYPODERMIC 
and AIRCRAFT 

Stainless Steel Tubing— .seamless and welded 
and drawn 

(.008” to 1.000” O.D.) 

(.003" to .083" Wall) 

NICKEL AND NICKEL ALLOY TUBING 
(up to .625” O.D.) 

Flanged, Flored, Milled, Slotted, 
Swaged, Threaded. 

Cotolog on Request or Send us your specifi- 
cations for prompt quotations 


STAINLESS STEEL PRODUCTS DIVISION 


@ J. BISHOP & CO. 

Molvern, Pennsylvania 
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illUUFT k PKOmSIOl 


Flight Test Center Makes or Breaks Air Force Plones 
Test Pilots Evaluote New Systems, Explore Frontiers 
USAF Contractors Keep Arnold's Test Tunnels Filled 



Well timed... 


Research and development cut the time between needing and having Convair’s supersonic 
F-102A all-weather interceptor. Application of the AREA RULE gave the F-102A an hour- 
gla'S shape, enabling it to attain even higher performance into the supersonic speed range! 


A result of extensive design, testing and re-designing, the delta-wing F-I02A is now being 
produced in quantity for the U.S.A.F. Air Defense Command— evidence again of Convair's 
engineering lo the N(li poiver! 


CONVAIR 


F-I04 in Te 


AffTC 


Edwards Makes or Breaks USAF Planes 


Fdwards Al'B. Calif.— The Air Force Flight Test Center is the “make 
or break” station for USAF's aireraft. Complete evaluation of a new weapon 
system here dctemiiiics clearly how well mamifactiirers. subcontractors and 
other Air Research and Developnre'iit Centers have done their jobs. 

At F.dwards all parts of a new system come together for the first time, 
to be checked out as an entity rather than as separate units by an imposing 
arrav of technical talent. 


AhT'rC, conmunidcd hv Brig. Gen. 
f Stanicv lIoltiHier. spr.iwls n\ct ?00.- 
000 acrc,s of California's Mn);ne Desert, 
surrmiiidiiig a dr^ lake bed 1 1 miles 
long and five miles wide. 

'Ihe lake bed. .smooth as a billiard 
tiiblc and able to uitlistaiul the landing 
loads of the heaviest bombers, is the 
|)rime reason for the center’s locahim 

As USAF comlucls research seek- 
ing basic aeronautical knowledge, planes 
like the X-1 series and the X-2 use the 
lake bed for their dcadstick liiiidiiigs, 
nhilc the X-5 needs three of its miles 
to become .lirboriic and again ulicii it 
makes ,i landing 

.'\FI''TC officers estimate tlie lake bed 
Si, far has "sined" S-IOli million wortli 
of damage to planes, not counting com- 
plete w-.islioiits or Hine t<> build new 

YP-59A Tested of Rogers 

■M'l'TC IS not the oiilv organization 
taking advantage of Rogers Dr\ laikc- 
National ,\dvisorv' Coniinittce for .Aero- 
nautics niambains a M million higli 
speed re.vcarcli station lierc. and 
US.-\l'”s Flight Test School takes advan- 
tage of otlicT facets of Kdvv-.irds’ capa- 
bilities. inclndiiig the siO dins of fiving 
weather jxir ve-ar. 

Sometimes the lake is iiicorrecth called 
Miiroc Teenagers raced cars here dur- 
ing the IQsOs, and over the vt-ars inanv 

S lanes made maiden flights from it. 

ir Hubert Wilkins tested his Lockheed 
Vega liere in 1924 prior to his polar 
flight. 


In 194s, tlic Armv .\ir Forces set 
u|3 a base on the north .side of the lake 
to test the AT-s9A. the nation’s first 
jCt aircraft. .Mreadv operating on the 
south side of the lake was a school for 
P-^8. B-24 and B-21 crews. .As the war 
ended, c.vpansion occurred in the 
North Ba.ve .section where test teams 
from WTisht Field came out to take ad- 
vantiigc of the like bed and the better 
weather. 

ARDC Takes Over 

I'lnally training .and test bases were 
consolidiitcd. .ARIAC eamc into being 
and Miiroc became mic of the first six 

It was renamed Fdvvards in 1950 
after Capt Glen Fdvvards, who was 


Brig. Gen. J. Stanley Haltoner, Cam- 
monder. Air Force Flight Test Center 
- hos flown every type of USAF 
fighter from P-l lo F-104; the 8-36, 
B45, B-47, XB-51, B-S?, B-57 ond B-66 
bombers; helicopters ond cargo sir* 
croft ond the X-1 rocket research plone 
... set world speed record of 690-118 
mph over lOO-km. course in F-86D and 
won Thompson Trophy race in 19S3 
. . . born New York City, 1911 . , . 
graduate of New York University . , . 
commanded 82nd Fighter Group in 
World War II . . . served at USAF Hq. 
in Directorote of Research and Develop- 
ment . . . Assistant Deputy for Devel- 
opment when ARDC was formed in 1951 
. . . commanded Flight Test Center 
since January 1952. 


killed ill 194.S testing a Northrop YB-49 
“Fiving Wing” jet bomber. 

riic center now is well into a S120 
million construction program. Com- 
pleted parts of this master expansion 
plan arc: 

•A 15,000 ft. ninvvay which extends 
to the edge of the dtv lake bed. making 
II coiitmimus landing roll of 8 mi. pos- 
sible in one direction. 

• New maiiiicnaiicc hangars, including 
thc_ largest USAF has. 

■ New buildings for base headquarters, 
the various divisions and braiithcs sup- 
porting flight test, personnel quarters 
.■■nd quarters for base tenants including 
contractors. 

• Wlicrry housing for ba.se personnel 
with dependents, which created a new 
citv Ilf n.OOO-Fdvvards. Calif., ad- 
jacent to the base. 

• General base buildings such as cliapci, 
gvinniisiuin, and clubs for officers, 
civilians, NCOs and ainneii. 

21ic geographical sections of Edwards 

• Smith Base, where the original consol- 
idation of Air Force activ ity took place. 
It is fast being eroded bv the harsh 
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tlcscrt wciitlicr and there is ii race to rc- 
ciiurtcr contractor and Al'I'PC activi- 
ties in new. permanent structures at 
-Main Base, 

• North Base, original flight test arca. 
Several contractors, the deceleration 
track and a mnnher of Al'l'TC activi- 
ties still are located here. 

• Nfain Rase, center of the new con- 
striietion. adjacent to the new 15.000- 
ft. nimvin. I.ocation is about a mile 
north of Smith Base. 

• Rocket Base, located several miles 
awav across the drs- lake and on a ridge 
to aceoininodate its work with high- 
thrust liquid propellant rocket engines 
and the missiles tlics power. 


lie-art of AFhTC is the Directorate 
of I'light Test, headed b\ Col. Horace 
Hanes. 

Supporting the directorate arc Might 
Test Ojicnitions Disisioii, headed bv 
l.t. Col. l''rank K. (Pete) Everest; Might 
Test Engineering Division, headed by 
Lt. Col. J. J. Berknsv; Technical Serv- 
ices Division, headed by Lt. Col- J. H. 
Battle, and Technical ’ I'acilitics Divi- 
sion, headed by I'lnnk Ross, a cisilian 
.specialist 

Under each division arc highlv spe- 
cialized branches contributing their part 
to cs aluating a new aircraft’s capabilities 
and requireincnts. The Project Control 
Office, headed by Lt- Col. Ralph Mar- 


tin, coordinates the whole directorate. 

Based at Edwards, in addition to 
Might Test Center and the Test Pilot 
School arc: 

• 651 1 til Test Group (Parachute) which, 
while administered b\ .M-'IT'C. is phssi- 
aliy located at the' Defense Dcpirt- 
ment Joint Parachute Test I’acility, 
Kasai Auxiliary .\ir Station. El Centro, 
Calif. Group Coniniaiider is Lt. Coi. 
H. A. Orban. 

• 6515th Maintenanec Ctonp. com- 
manded by Col. I'ranklin S. Allen, 
which handles upkeep of the test air- 
plancs- 

• 6510th Air Base Group, commanded 
by Col. E. J. Collins, the housekeeping 
unit for Edsvards- 

• Rocket Engine Test Laboratory, 
Richard Compertz. chief; known as 
Rocket Base or Rocket Engine Uib. 

• Ballistics Test Facility. \\1ii!c not 
part of Edwards in one sense, is ad- 
jacent to Edwards. I'onncrli- iiperatcd 
bs tlie Aberdeen Bombing Slissioii of 
-\riny Ordnance, it has been transferred 
to ARDC's Armament Center. 


Testing New Aircraft 

.'M'l'TC enters the life of a new 
weapon ssstem early, officially and un- 
officially. 

Al'h'TC men sit in on design 
oaluations, miiekup boards and other 
judging groups. A1''I'TC pilots fre- 
queiith are asked for adsice cm cockpit 
lasout and otiicr matters affecting pilots 
svliilc a pliiiie still is in the design stagc- 
tests an airplane weapon sys- 

• Phase I— Contractor conipliance, or 
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POWERPIANT BRANCH TEST ENGINE IN SHAW-ESTES CELL. LEFT PICTURE SHOWS FRONT, RIGHT SHOWS REAR 


csscntiallv, svill it fly? In about 20 hrs. 
testing, the aircraft is held to 805? of 

• Phase II— Initial performance, usu- 
alh' Plia.se 1 done ag.iiii b\ US.Ah' test 
pilots. /\M'TC fliers already base flown 
the new plane uiiofficiallv once or twice, 
but Plui.se II is USAl' test which goes 
on the record. In this phase. USAI-' gets 
an idea if this will be a smooth one or 
if troubles are on the horizon. 

• Phase lll-Contiactor development, 
where the company and .AM'TC test 
pilots’ squawks are taken care of and 
major bugs ironed out. I'ixcs continue 
to be made during the entire scrsice 
life of the aircraft, but the majorits arc 
to be eliminated here. 

• Phase IV— Performance and stability, 
in which the tlioroughly instrumented 


prototype imestigates the entire per- 
fotnianec regime- hi some 200 hrs., 
data is obtained from which the air- 
craft handbooks arc later written. 

• Phase V-All weather testing, done at 
Vright Air Dcs clopineiit Center. Eglin 
Al' B, I'la.. and Ladd .\I'’B in Alaska. 

• Phase \’I-Kunctional development, 
using production models. .Ml sistcms 
imist work. Ib ery necessary part of the 
ssx-apon system must be operatise. Dur- 
ing each flight, everything in the 
weapon’s repertoire is acconiplishcd— 
guns fire, bombs drop, radar tracks and 
is jammed, cameras shoot, tanker hoiik- 
iips arc completed, iiitercejits arc madc- 

Using agency pilots enter the picture 
here, helping fls the phase, which uses 
three to six airplanes fur approximately 
1 50 hrs. per airplane. Users also get 


a line on oscrall operation of the 
weapon system, its support require- 
ments and special techniques, training 
and equipment needed. 

• PliBse 'LTl— Operational suitability, ac- 
complished bs the using agencies at the 
.Mr Pros iiig Ground. 

• Phase NTH. Unit o|»rational eiiiplus- 
nient testing. .Accomplished by flic 
using conimaiids under Air Proving 
Ground suirersision. 

-AI'I'TC eoiiducts Phases 11, l\’ and 
\T at Edwards, and frequently, con- 
tr.utors from Southern California fly 
Phase I and HI tliere as well. 

Test Engineering Division 

But long before ,i new pioject is 
ready for flight test at Edwards, a proj- 
ect engineer lias been designated from 
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AIR FORCE FLIGHT TEST CENTER 



1 aDMINISTRATION OFFICE 1 ^ 

PROJECT CONTROL OFFICE | 

FLIGHTTESTOPEB4TIONSDIV.j j 

TECHNICAL SERVICES DIV. 

FLIGHTTESTENGINEERING DIV. | 

TECHNICAL FACILITIES DIV. 
F. J.Ross 

^TRAIMMS &EOUIPMEMTOFF| 

^ POWER PLANT BRANCH "j 

^ PESfOBMANCf ENGR.BRANCHj 

^ INSTRUMENTATION BRANCH | 

£. DISPATCH OFfj 

J ARMAMENT BRANCH ( 
“ Mai. SKIlen 1 

^ FLIGHT RESEARCH eRAHClT| 

^ DATA REDUCTION BRANCH 1 

,J FIGHTER OFERATIOMS BR. ^ 

^ PHOTOGRAPHY BRANCH 1 

JfLKSHT DEVELOPMENT TEST BRf 
^ Cap,.Slu«r 1 

^TELEMETERING FACILITIES Br| 

BOMBER OPERATCNSgR. | 
^ Mai Rudoeh 1 

^ EXPERIMENTAL TRACK BR. j 

^ HUMAN FACTORS BRANCH | 

^SPACE FOSIT10NINGBRANCH| 


AITTC’s Flight Test Enginccriiig Di\ i- 
Mim. Ik is tile kp- iii:m in the flight 
test program, making up the cards the 
pilot flics each time. The other disi- 
sions and branches work in close co- 
ordination with him when their actis i- 
tics enter the te.st picture of his partic- 
ular project. 

Composing the Flight Test Engineer- 
ing Division arc: 

• Performance Engineering Branch, 
toncerned with all aspects of the plane’s 
flung characteristics. 

• Flight Rcsc-dtch Brandi, nhich defer- 
iiiiiics hosv best to gather data as it 


pertains to new dcTclopmcnts in this 
aircraft, 

• Flight Desclopnicnt Test Branch, 
uliich works nnistiy in Phase VI. plan- 
ning more imd better ways to utilize 
this particular weapon system. 

• Unman Factors Branch, cimceried 
with all .ispccts of the nian-machinc 
relationship, .seeking to iniprrn c tile ma- 
chine to insure greater compatabilitv 
with the man to the end of lietter ae^ 
eoniplishing this mission. Not onlv air- 
crews fignie in the-sc imestigations and 
recommendations. Ground Crews and 
other support personnel ate considered 


as well. The recommendations have 
even brought changes in HI.MD (Hand- 
book of histructinns to .Mrpianc De- 
signers. official guide on designing 
USAh' phmesl. 

Test Operation Division 

In the Flight Test Operations Divi- 

• Training and Eqni|)iiicnt Office. (One 
for each plane type.) 

• Operations and Dispatcli Office. 

• Fighter Operations Btaiieh. 

• Bomber Ojicratioiis Brandi. 

• Cargo and Miscellaneous Branch 
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(sihidi also tests Army planes). 
Technical Services Division 

Other supporting groups within the. 
directorate, tlicir liranclics and func- 
tions arc the Tcdiiiical Services Disi- 

• Powcrplant Branch, svhicli docs ana- 
lytical evaluation of engines imoh-ed 
in test programs— citlier new engines or 
established engines in new installations. 

• Ariiianicnt Brandi, eonconied witli 
guns, rockets, bombs of all types and 
witli tlie ai ionic gear ncccssari' to tlicir 
function. In combiuntion navigation- 
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bombing systems. .Aniiamcnt retains 
cognizance wliile eomcntional elec- 
tronics and conimunicatinns equipment 
conic.s within the scope of the 6515th 
Maintenance Group. 

• Photography Brandi, wliicli docs all 
photographic work in support of the 
AF'1''TC test iiiissiciii as w ell as assessing 
new aerial photo svstenis which are 

• Expcriincntal 'I'rack Brandi, testing 


eompo 


and ■ 


high speed track, as well as 
(through WADC) i 


Technical Facilities Division 

III Technical Facilities I^ivisiiin arc; 

• Instniniciitation Branch, charged 
with providing and installing the equip- 
ment needed to gather data required 
by the project engineer. 

• Data Reduction Brandi, where data 
is translated into useful infonmition. 
It is known as ‘'-Project Datum”. 

• Telemetering Facilities, handling this 
operation for both AF'FTC and con- 
tractors working at the test center, 

• Space Positioning Range, an organ- 
ization of people and equipment, called 
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t THE LOCKHEED F-104A is described by its 
maker as the world’s fastest combat aii^plahe. Such 
incredible supersonic speed calls for contix>l systems 
that must be reliable beyond question, under every 
conceivable condition. 

Rigid specifications for the F-104A’s prototype, the XF-104, 
were entrusted to EEMCO, specialist in the design and manu- 
facture of custom-built motors and actuators. Collaborating 
with the engineering division of Lockheed, EEMCO designed 
and developed six actuator systems as vital components of the 
supersonic XF-104. 

EEMCO is now manufacturing actuator systems in quantity 
for the F-104A. EEMCO-designed motors and actuator’s are 
on the majority of the latest type militai-y jet aircraft and 
missiles now being delivei’ed to, or developed for, the U.S. Air 
Force. They are also being used in industrial applications 
where high quality and precise performance are vital. 



Electrical Engineering 
and Manufacturing Corp. 

4612 WEST JEFFERSON BOULEVARD 
LOS ANGELES 16, CALIFORNIA 


DESI6NERS AND PRODUCERS OF MOTORS. LINEAR AND ROTARY ACTUATORS ... EXCLUSIVELY 
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“Project Kiinge,’' uliicli trucks tlie 
\chiclci patli :iiul position tliroiiglioiit 
tlic \arious tci.t flighti, 

StTCral of tlic brandies within the 
directorate arc high ijwci.ilizcd and 
somcwluit unique. 

High Speed Track 

At the lO.OOO-ft. Iiigli ipct'd track, 
where a Coiiiair tewt vchick exceeds 
Mach 2 regularly, tests ha\c been run 
on small inndds of plane!.; nose sec- 
tions of suptrsouic aircraft liase been 
rammed through simulated rainstorms: 
and full seide sections of s-arious air- 
plane!. base been used in tests of tail 
Sutter and ejection systems- 

Hic tr.ick perfonns tests for con- 
tractors and can originate its own tests 
(throiigli \\'.\DC). ft is prosing a 
higlils useful tool ssitli a svide, as set 
imtoudied |ioteiitial. The art of track 
testing is rdatis'cls new. and the pos- 
sibilities arc great for testing svstoms 
and snb-systenis of all kinds of aerial 
liardwarc ami cscii annanieiit (in one 
case, a sclride ssas sliinimed into an 
armament warhead at l.iOO fps. to 
check impact fii/c tiiningl. 

Liquid or solid propellant rockets are 
used. Liquid rockets prose more ver- 
s.itilc and less c.\|>aisi\c. so the track 
has been using them for some time in 
smaller thru.st bnickcts. Moweser, now 
on order is an engine of upwards of 
sOO.OOO-lb- tlirust. ca|Riblc of |)iisliing ,i 
I0,000-Ui. \cliidc to a speed of Much 
2 and sn.staining it for 2 sec. second 
engine, witli about half the c;i|j.d)ilitv 
of the larger one, also is being dcs-d- 
oped. Tlicsc will be multiple tliriist- 
cliambcr engines with pressure fuel svs- 

.Mthougli till' high speed track is best 
known, tlic 2,000-ft, deceleration track 
is the oldest in tlie nation, ft was built 
by Northrop Aircraft in 1947--IS. On 
this track, webbing to bold pilots lias 
liecn tested in .simulated crash condi- 
tions, as has belt material of all kinds. 



l.t. Col. John P. Stapp made a iinin- 
ber of liumaii dcxtleiation folcrance 
runs here before the Iliilloman track 
was construefed. 

In conjunction with the Parachute 
I cst Group, the Kdwards high speed 
track also plays a part in nylon pilot 
iifesaver dcs'clopment. Canopies for 
dceeleratioiis from very liigli selocitics 
ate track tested, as \vcll as multiple 
canopy si'stems for stabilization, dc- 
cclcrution and scliicic recovery. 
Edwards' 'Used Car Lot' 

Test seliicles cither arc built by the 
contractor or the track. In either ca.se. 
wlicn the test series is completed, the 
vehicle becomes part of the track in- 
ventory. and joins its predecessors in 
a storage area knimii as tlie "nsed car 
lot,” where pieces and bits of airplanes 
and several ofl-bcat special purpose 
i-chiclcs give the area a unique ap|icar- 
anee. In most ciscs. vehicles are used 
for several series uf tests during their 
lives, but some time may elapse be- 

Instrumentation at the track, built 
of 1 1 ? lb. er.nic rails precisely aligned 
and mounted on concrete, includes 


telenictering, a coil-magnet speed re- 
cording ssstcni and a thorough camera 
installation— tracksiclc high speed East- 
mans and Eastc.xes. panning Eastmans 
and h'astcxcs and a iloelsclier caincra. 

Thc track uses ss-.iter brakes capable 
of nithstanding upward of 100,000 lb. 
braking force. Brakes consist of scoops 
wliicli deflect the water 107 deg. latcr- 
allv an 15 deg. upward, gradually 
digging deeper intu the water trough 
built into the last 2,000 ft. of fhc tr.ick. 
Newer brakes will be capable of svith- 
standing up to about 500,000 lb. of 
braking force. R. R. King is chief of 
the tr.ick branch. 

Powerplant Branch 

The Powerplant Branch, with Ca))t. 
Gcr.ild Jones as acting chief, enters the 
test picture of an engine still under 
dcs'clopment when a contnretor re- 
quests its sersiccs. Otherwise, it be- 
comes actisc when the posvcrplant 
enters USAE’s phases of fiiglit test. 

nie branch’s main building of 42,- 
000 sq. ft. has 10 bas.s for engine work, 
plus a machine shop and stands capable 
of completely tc.sting any engine acces- 
sors' or component. It represents a 

AIRCRAFT PARTS PILL 'USED CAR LOT' 
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S2 million investment. Also a\-ailablc 
for expansion is a large watcliouse. 

In test stands, the brancli operates 
two jet and tsvo turboprop setups on 
South Base. At the brancli's new build- 
ing is a Slia«-Kstes stand capable of 
liandling engines up to 50,000-lb. 

I'our new test stands are under con- 
struction. 'ITiev are due for completion 
in October, 1957. Cost will be S-t mil- 
lion- Three are for turbojets and 
one is a combination turbojet-turbo- 
prop setup. 'Ihe\ uill hold engines of 
up to 50,000 lb. thrust. 

lire 151 people (five US.M'' engineer- 
officers and 28 ainnen) in the branch 


can accomplish their |sart of flight test 

critical project, 'iheir normal routine 
is eneine tcardown and repair to keep 
a fiiglit test program going, analysis of 
problem areas and performing the re- 
(juired Axes. 

No Routine Maintenance 

■ITtc branch ordinarily takes a power- 
plant involved in a test progratir, works 
it over and returns it to the same air- 
trame. It docs not engage in routine 
maintenance where an engine is taken 
from a plane, a new one issued and the 
incoming one worked over on a pro- 
duction line basis. 





Tlic branches findings have been that 
in nearly all eases, engine problems arise 
in flight which never show up in the 
controlled circumstances of test cell de- 
velopment. In addition, installation in 
an airframe brings out a host of new 
aspects and problem areas. 

In maintenance eejuipmeut. the 
branch has the latest and best inspec- 
tion equipment— Magnaflnx. '/yglo. 
iwrtable X-rav and an ultrasonic test 
unit, llic maeliinc shop can make en- 
gine parts needed, and can fabricate 
special tools when these hase not yet 
been dcsclopcd or put into manufac- 
turer’s pruduction. 'ITic shop has two 
machines for balancing giis turbine 

Test cells take standard measiirc- 
nicnts-thrust, flows, prr^surcs, tempera- 
tures and sibrations- In the stands un- 
der constnretion. data recording will be 
automatic and in analog tape form for 
rise in AFFPC data reduction center. 

In the fuel How tc.st setup, the 
branch can handle up to 100.000 lb. 
per hr., duplicate an\ set of circum- 
stances desired, and accomplish recali- 
bration and rescheduling. A special 
nozzle test stand is used to cheek spray 
patterns and recalibrate as necessary. 
Engine Development 
'ITic branch has played a prominent 
part in the stories of several well known 
engines, notably the J65 and J75. In- 
tormafion gatlicrcd here is used to 
write engine Technical Orders, and 
in some cases these TOs arc desclopcd 
through the powerplant branch’s ef- 
forts. 

Although the raajoritv' of the 
branch’s work is witli turbojet engines, 
one bay is des’oted to piloted aircraft 
liquid propellant rocket engines. There. 
12 higlilv skilled technicians work with 
the several tvpes of this powerplant now 
flying in research planes at AFFTC. 
Ilrcir work so far is with small thrust, 
pressure propellant types of systems 
rather than the large engines handled 
at Rocket Base. 

On Reaction Motors Inc.’s XLR-1 1 
which powers the X-1 series, tire branch 
liandlcs all overhaul and m.iintcnancc 
except when the powerplant is in- 
stalled in the airframe at the N.-\CA 


Anoft 



HARTWELL Flusli Latches are 
on most airplanes . . . NOW . . . 
they are on target drones built 
by Radioplane Co., a Subsidiary 
of Northrop Aircraft, Inc. 

The Radioplane RP-77 is 
constructed of rugged fiberglass 
laminate and the fuselage access 
doors incorporate hartwell 
Flush Latches. 


RUOGEO 
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SCHULZ 

DESIGNS 

TESTS 

BUIIDS 


TVPE 

FLIGHT PRESSURE REFUELING 
COUPLING AND NOZZLE • 


Designed and developed in con- 
formance with specificotions MIL-N- 
25161 and M11.-C-25162. 

Currently in production for Air Force, 
Navy and Airfrome Monufocturers. 
Your inquiries ore invited. 


SCHULZ 

TOOL AND MFC. CO. 





Datatape Systems 

...the total answer 
to flight-test bottlenecks 


Consolidated': long-standing leadership in flight-test 
instrumentation includes the pioneering oF the "sys- 
tems” approach— the designing of instrumentation for 
the Total Answer rather than just components. “Test 
Variables to Digits" is literally true as a description of 
CEC's products and experience. 

From CEC's Transducer Division have come some 
of today’s most widely used devices for sensing the 
parameters of supersonic flight. DataTopc, shown at 
the right, was developed spcciflcally for the problems of 
flight-test data handling, is a coordinated family of 
insirumcnis ready to serve as a proven nucleus for a 
wide variety of daia-processing systems. For the vital 
step of digitizing icsl data. CEC developed the SADIC 
and MilliSADiC group of instruments and systems — 
today’s most comprehensive, proven line of analog-to- 
digilal data-processing units. 

The Consolidated Systems Division is ready to add 
to these basic units whatever output devices are needed 
to accomplish the test mission. These range from CEC’s 
own MilliSAOIC, ground playback and demodulator 
units, and recording oscillographs to Ihe equipment of 
other manufacturers, such as oscilloscopes, spectrum 
analyzers, and chart recorders. 

For the Total Answer to your daia- 
I • processing nroblems. , . whether in connec- 

ihe experienced engineers of Consolidated 
Electrodynamics. There’s no obligation. 
And for the story of OaiaTape. send today 
for Bulletin I561.X15, 
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Consolidated Electrodynamics 

CORPORATION 

formerly ConsoUdaied Engineering Corporation 
300 North Sierra Madre Villa, Pasadena,' California 

Sates and Service Offices in: Albuquerque, Atlanta, Boston, Buffalo, Chicago, Dallas, Detroit, New York, 
Pasadena, Philadelphia, San Francisco. Seattle, Washington, D. C. 
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lligli Speed Research Stiitimi at 1x1- 

On the Aerojet LR-65, being tested 
in the as a sliott-fenii power 

boast, titfv li.sndlc all iiiaintciiancc. 

'I'lic branch assists on test stand work 
witli Cllrtiss-^^’right's Xl.R-2?, a fully 
eantrollablc rocket engine on the X-2, 
Recording Test Data 

airplanes go through the flight 
test program’s required niaiicmcrs over 
Rogers Dry Lake, niucli data is re- 
corded aboard the aircraft. But addi- 
tional data is being obtained bv the 
Space Positioning Branch’s Project 
Range built around the drv lake area. 

Backbone of the range is the .Askania 
camera, theodolite tracKing equipment, 
a master target acquisition and control 
system and a precise electronic timing 
ssstcin governing the operation. 

■|1ic range operates as a branch of 
the Technical Facilities Division, with 
Stanley Howell as chief. It consists of 
nine .\skania camera positions— a master 
control center and eight slave stations 
located about the drx- Take bed. 

Ilic control center is a 4,000 sq. ft. 
building vliere targets arc acquired, 
tr.ickcd and controlled, where electronic 
timing and camera operating com- 
mands originate .and svliere all space 
positioning equipment maintenance, 
both optical and electronic, is donc. 

Constructiim began about a vear ago. 
first equipment was instalied last 
October, and presently four of the slave 
stations (in lb bv 24-ft. bnildingsl ate 
completed, ’llic remaining four arc due 
to he fini.slied by the end of .\ngnst. 
Calibration «’ill be accoiiiplislicd and 
flic range in full operation bv Oct. 1 . 
Completed, with backup and support, 
the range will have cost S2.s million. 
Some >0 men, US.AF and civilian, will 
operate it, ’llic range altc-adv lias ,secii 
service with spin tests run on the I’-lOl, 

The .\skania camera, worth SZvOnn, 
can take up to four frames per second, 
Simidtaneously with target photo 
graph, JO internal azimuth and clci.i- 
tion scale is slid (scale accuracy is fise 
seconds of arch Tlie -Askani.i system's 
accuracy makes mandatory a first order 
land survey for camera site and instab 
lation. Cameras arc insnlated from tlie 
buildings in which flics are moimtcd 
to asoid transfer of any building tremor 
or machine vibration or other ahbcri- 
tiun. They are liand panned, using 
tlicodolite fracking, with fii cm. lenses 
standard. A'ariablc diaphragms are in- 
corporated. and films range from Tri-X 
through color according to conditions 
and requirements. 

Two systems developed bv the Ralph 
\1. I’arsons Co., general eontractors for 
the range, arc P.ARTAC and PARSF’I . 
P.\RT'AC is Preeision Askania Range 
Target -Aeqiii.sitimi and Control. 
P.ARSKT is Precision .Askania Range 


PIONEERING is out business 



NEW BENDIX TURN AND 
SLIP INDICATOR 
FOR TILTED PANELS 



-M^neer- 
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Filter Tests Show 
Important Savings 

1,200-hour flight tests of Winslow filters on R-4360 
engines by Pan American World Airways indicate 
savings of hundreds of dollars per engine, for re- 
placement parts and labor. 

During the tests, at 901 : 46 T. S. 0., a piston failed 
in a filter-equipped engine. Because the Winslow 
CP* fuU-fiow filter picked up the metal particles, 
cost of repairs was only $315.39— the average cost 
for piston failure on eight other engines was $1,935 
per engine. 

Winslow has CAA-approved full-flow filters for most 
aircraft engines. For engineering data and recom- 
mendations for your equipment, please write: Avia- 
tion Department, Winslow Engineering Company, 
4069 Hollis Street, Oakland 8, California. 

CP* (Controlled Pressure) is fully 
protected by patents and trademarks. 


S\stcm of Electronic Tiiiime. Both 
(ipCT.itf on cimimiind cliiiiinels from tlic 
toiitrol center to -\skania «tJtioiii iiiul 
the iiirpliine. 

!n PAR l‘.\C. targets arc acquired by 
radar. Signals are reined to ii master 
map stand on wliicli there is a map of 
the riuigc witli two oserlays. On one. 
a pen truces the target's path across 
the range. Ilic other is oriented to an 
•iltitude scale on the side of the map. 

Ciirrcntlv. radar iiifoniiation is 
\crbalh transmitted to the station 
and .\skania sites. Wlicn P.\RT.\C is 
completed, radar signals will go into a 
computer which will translate them in 
such a wav that, witlimit Iniinan inter- 
scntioii, tracking signals will show uj) 
on Askania theodolite eyepieces as 
wheat germ lights. Canieta opcratoi.s 
will pan toward the lights and acquire 
the target. Siimiltimcmisly. computer 
translated signals will luitomaticalh op- 
erate the tracing ])cns on the map 
board. Dircction.s vs ill be verbally trans- 
mitted to the target aircraft pilot, since 
steering a precise ground track from 
40,000 ft. is somewhat difficult by 
ground reference alone. 

'Ihc timing sv.stcm. built around a 
conventional binary coded time signal, 
also will he carried on the coniniand 
channel. It will carrv relative time and 
time of day. \\’ith PARSET, framc- 
bv-franic assessment of each camera's 
film separatclv will not be necessary to 
match film records since all pictures 
will have been taken at cxactlv the 
same time from all stations and will 
so indicate on each frame. Camera 
jmp.ir.ition for operation is done by 
iiperators at each station. But when op- 
eration begins, control is ftom the 
master center for each photograph. 

\\’hilc data is being recorded photo- 
graphicallv, the magnetic tape for tie- 
in with Pt 0 )cct Datum again will be 
used to recording information for later 
otieiitatkm in the data reduction 
center. I'oiirtccii channels are available. 
Command data. PARTAC and 
P.\RSET will be recorded. 

.\ltliongh not a part of Project 
Range. Askania cameras arc schcdided 
for mounting on aO-ft. towers at each 
end of the 1 s.OOO ft. nmwav to record 
landing and takeoff data on test air- 

Projcct Datum 

Al'I'TC activities revolves around 
gathering data. To redvtce it all by 
hand would cost many more sears than 
could be afforded, timewise and finan- 
cialh . To handle the mass of technical 
information gathered at Edwards, the 
Directorate of Might Test has set up 
Project Datum under 'I'echnical h'acili- 
tics. for integrated g.itlicriug, proccssiii® 
and reduction of efata obMined by all 
base organizations. 

Project Datum is built around the 
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Janitrol 

Dubl-Lock couplings 
double safe 



Janiirol’s newest line of light-weight Dubl- 
Lock* couplings (clamp and llanges) provide 
extra safety for extremely critical bleed-air 
duct connections on jet aircraft. If bolt un- 
latches or fails, Dubl-Lock* couplings main- 
tain the seal . . . positively prevent coupling 
failure! How it protects: when lock nut is 
tightened, barbed tang automatically moves 
into position and locks the clamp tight, even 
if bolt fails completely. To release, unscrew 
lock nut— apply thumb pressure. 

Both Janitrol's Dubl-Lock* and Standard 
lines of couplings save up to 40% in weight, 
couple and uncouple with ease as often as 
necessary, require no compounds or sealing 
devices because flange seal is meial-to-metal. 
They withstand high temperatures, high pres- 
sures, surges, vibration, misalignment, and 
corrosion. Dubl-Lock* line: 13 sizes available 
—2" to 6". Standard line: 15 sizes— I Vi" to 6". 

Call your nearest Janitrol representative 

Janitrol Aircraft-Automotive Division, Sur- 
face Combustion Corporation, Columbus 16, 
Ohio . . . District Engineering Offices; Wash- 
ington, D. C., Philadelphia, Columbus, Fort 
Worth, Hollywood. 

COMBUSTION SYSTEMS, HEAT EXCHANGERS, PNEUMXTIC CONTROLS 
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1-iii.. 14-cliaiint'l magnetic tape gatlicr- 
mg system. Data is in amiliig form, 
wliicli «’ill gise engineers a “quick 
look" so that thev can scl«t the por- 
tions tlici- want for detailed reduction 
aiul computation, -\ftcr the ^apc h.is 
been fed through the analog svstcin. 
|)iiits needed tor complete reduction arc 
fed into mi analog-to-digital converter 

made bi’ (. 15. Rea Co. of Santa 
Monica. Calif- I'rmn the comertcr, 
data goes to the digital corrector, wliicli 
produces a tape suitable for use with 
IBM computing CL|uipnicnt. ,\t iires- 
.ciit, the Data Reduction Braneli is 
thinking in fenns of ,in IBM 702 com- 
initer. 

Units at .M''i''TC which will partici- 
pate in Pnijeet Datum are: 

• Flight Test, wiierc direct tape record- 
ing,! will be made. These will include 
P.\RSET information from Project 
Range, to connect airborne data tcdiie- 
tion to .\skaiiia range data. 

• Rocket Engine Test Dibomtory. 'Iliis 
facilitv "ill ha\c analog “quick look” 
equipment «liich will enable Rocket 
Base engineers to send edited tajics tn 
Pnijext natiiin, ready for conversion. 
corTCction and detailed computation. 

• High Speed Research Track, whicli 
ntni’ is converting its data acquisition 
insofar as possiiilc, to integrate with 
Pnijcct Datum’s H-channcl tape. 

• Project Range, general data. 

• Askania Cameras including P.ARTAC 
in formation, 

• Contractor and other telemeter data 
acmiisition organizations. 

flqiii|)incnt used in Project Datum 
includes that made by .Applied Science 
Corp. of Princeton, N. J„ .Anijicx 
Corp.. Redwood City, Calif., and the 
Rea compaiii'. 

The aims nf Project Datum arc to; 

• Eliminate manual handling and read- 
ing of test data insofar as pos.sililc. 

• Make test data available for further 
use within a few hours after completion 
of tests. 

• Increase the accuracy of test data over 
that currently ])ossib1e. 

The Crowded Desert Air 
Gen. lloltoner took command of the 
I'Jight Test Center in I'cbruary. 1952. 
aiuT has been in on tlic growth of the 
center and its web of support elements 
since the start of expansion. Originally 
the principal occupant of airspace over 
the desert region knomi as .Antelope 
Valiev. Edwards now shares the skv 
with an alreadv large and expanding 
assemlily plant complex ;it nearby 
Palmdale, where Consair, Lockheed 
and Northrop arc flight testing high 
pcrforimincc prodnetiou airplanes. A 
^larine .Air Station at Mojave, a few 
miles up tlic valley, alsrj competes for 
the skv. The airspace proljlcm is serious 
now and steps arc being taken to jirc- 
s'cnt its becoming critical in the future. 



AIRCRAFT IGNITION AND ELECTRONIC EQUIPMENT 


GENERAL LABORATORY ASSOCIATES. INC 


airplane 

NORTH AMERICAN 
SUPER SABRE 


engine 

P&WA J-57 


ignition 

G.L.A. 


OppOflunilies amilabte 
for Electronic and Me- 
fa>iiciii£ngi'iefii. IVrile 
to Personnel Manager, 
Norwich, New York. 
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NOW FROM SCIAKY. . . 

the most significant deveiopment 
in the history of resistance welding 


AT LAST, 

ABSOLUTE ACCURACY 

IN SPECIFICATION WELDING CONTROL 


The Sciaky Predetermined Electronic Counter Weld Control 
Produces Absolute Weld Consistency and Positive Reproducibility 


To the long line of Sciaky firsts in resistance weld- 
ing is now added the most important of them all — 
the Sciaky Predetermined Electronic Counter Weld 
Control, Now resistance welding can easily and eco- 
nomically provide fastening to satisfy yojtr standards 
of production. . . No matter how rigid they are. . . No 
matter how long or short your production runs! 

THE LOGIC AND SIMPLICITY 
OF CONCEPT 

Without deviation, this new Sciaky control counts 
the cycles of power line frequency which is gov- 
erned by the U. S. Naval Observatory, In predeter- 
mined absolute numbers the cycles and impulses 
of the various welder functions are simply counted 
by a Dekatron tube. A single tube is used to count 
both the respective cycles of succeeding functions, 
as well as the impulses of welding current. The posi- 
tive adjustment snap switch control dials are logi- 
cally calibrated in these same cycles and impulses. 



ABSOLUTE CONSISTENCY 

Control settings are realized with exactness. No relays 
are necessary during the entire welding sequence- The 
unvarying accuracy of counting is maintained through- 
out the entire range for the longest run at the highest 
production rate, and is readily reproducible at any time. 



EASE OF MAINTENANCE OR ADDITION 
OF FUNCTIONS 

The entire control is designed to permit the gi'eatest 
possible ease end speed of maintenance or addition of 
functions through the use of separate plug-in sub- 
assembly units. Down time is minimized since it takes 
only minutes to install a spare or an additional function. 
WRITE FOR DESCRIPTIVE BULLETINS 
Further technical, operation and application data is 
presented in Bulletins No. 333 and No. 339. Write 
or 'phone for your copies, today. There is no obligation. 


SCIAKY BROS., INC., 4935 W. 67th St., Chicago 38, III., Portsmouth 7-S600 


JlarQist Moiufactuters of Kesistam Welding ^Machines in the World 



Sciaky Roll Spot and Seom 
Welder equipped with the 
Sciaky Predetermined Elec- 
tronic Counter Weld Control. 






NEW 



. . . 800 ” F 


HIGH 

TEMPERATURE 

ACTUATOR 


NOW h ydraulic actuators 
operating in areas of . . . 


SYNCHRONOUS ACTUATION . . . 



ACTORTO* SefCIFtCUIONS . . . 


RODiKeKU STCcinctnoHS . 

, , , end fliiUlanc* Tn gpplriftg ' 
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Test Pilots Are Evaluators, Explorers 


I'Mwards AFB, Calif.— Tlie official 


wotciing of tlic Air Force Higlit Test 
School’s mission is deceptively simple 
—“to train pilots to conduct flight 
tests of expetimentai and production 
aircraft." 

The real task of tiic schcxrl, located 
at the Air Force Flight l est Center 
here in California’s Mojave Desert, is 
to tnm out pilots fully capable of 
assessing weapon systems in Piiase 
VI testing or of pushing li^ick the 
frontiers of aeronautical knowledge by 
flving the unusual experimental series 
of test vchicies. 

I'he school’s comniimdcr is I.t. Col. 
ilerhcrt Leonhardt. who holds a mas- 
ter’s degree and did nuidi of the test 
flving on the B-fT program. lie took 
over from I.t. CnI. Jolm .\mami, now 
at W right .\ir Oevclopnieiit Center, 
vvini wav with the school off and on for 
nine years from its daw as a pilol-to- 
pihit exchange to the irrcscnf precise 
guide to USAF flight testing. 

Chief of the Tiaming and Openi- 
lioiis Ikaneh is Maj. RicTv.rrd L.ithrop. 
rii.n.. who gained fame for his research 
(111 inertial coupling several vearv ago. 

The scluiors usual eomplenicnt is 
102 persons, including vtiidcnlv Of 
these. 47 civilians and 2s jirnien main- 
tain the school’s airer.ift. The school 
also lias its own supply branch. 

During the perfonnance half of the 
ctiiirse, students fly ’I'-28s, |•'-S^1■^. .i 
T-vs and the h'-lOOC. Instructors arc 
Capt. Harry Spillcrs, chief; and Ca|3t. 
Roliert Jaeolison, I’o learn stability 
and control, students flv the TB-2iJ. 
three T-sss. and four l'-S6Ks under 
the inslrnction of Capt. Harold F.herle. 
ciiicf. and Capt. Ralph Matsen. 
Modernization Plans 

Cmrcntly the school teaches the 
photo panel inetliod of data collection 
which utilizes Recordaks for frainc-by- 
framc as.scssmenf. As the I'light Test 
Center converts to airborne inagiietic 
tipe data recording, the school will 
shift its data eollcetin| and reduction 
training accordingly, llic school also is 
collecting a com|)rchcnsivc assemhiv of 
conventional training aids sucli as 
inoekiips. a film lihrarv and slides. 

.^11 effort is being made tn have at 
least one of each of the latest tvpcs of 
planes being tested at Fdwards as- 
signed to the school nit completion of 
Phase VI. On this basis the school 
now is slated to receive an F-102 and 
an I'-I04. It also hopes to phase out 
reciprocating engine aircraft and sub- 
stitute turboprops soon. 

During their .stav at flic school, stu- 
dents arc given a comprehensive ac- 
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EQUIPMENT iiiid personnel leqiiiied to make Capt. A. G. Moore (front) a test pilot. 


THOROUGH pn-.fliglit br!cfin| and cockpit checkout precede each student flight- 


miaintance with all activities at the 
Center. They sec and sit in the latest 
aircraft and get thorough briefings 
from chiefs of all branches supporting 
the AFl'TC mission. 

"Graduation" conics in the form of 
a week’s tout of contractor plants, 
with one class going to the East coast 
and the next to the West coast. There 


students get a complete picture of cur- 
rent problem and progress areas, and 
an apprai.sal of the contractors’ work as 
background for their new duties. 

The 60 graduates of the four classes 
a year m.iy stay at Edwards, be assigned 
to another ARDC center, go to the 
Air Materiel Command or the .\ir Prov- 
ing Ground Command, or be assigned 
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til any other slot in the Air I 'orcc where 
their tniiiiing and background ate 
needed. 

l u accomplish its mission, the scliool 
has at its command; 

• Seven instructors, one witli a Pli.D., 
four w ith master's degrees and two with 
biichclor's degrees. -Ml are graduates 
of the school and the)' teach both in the 
classrooii] and in the air, gis ing authen- 
fieity to lectures by aerial illustration. 

• Nineteen aircraft— one B-2s, five 
T-2Ss. four T-35s. four h'-Sds. four 
I''-S6s and one h'-lOOC. each instru- 
mented for its work in teaching per- 
foniiancc, or stability and control csalu- 


• eurricnlum which includes in the 
si-v month 's course (three months of 
performance and three of stabilits and 
control): 170 hrs. formal classroom 
work on mathematics, aerodynaimcs 
and related subjexts. as well as the spe- 
cific flight techniques appropriate to 
each type of flight testing: 70 lir.s. fls- 
ing time, accomplisliing typical tc.<ts 
(students gather data, reduce it and 
write reports on it); 214 hrs. of data 
reduction and report writing and 96 
hrs. of an actis itv connnuii to all USAh' 
schools-atlilctics. 

• Some 32.000 sq. ft. of hangar space, 
a ramp arc:i and a new 12,100 sq. ft. 
school building svhich has classrooms 





Entrance Requirements 

A high-ranking fise man board at 
Kdw-ards screens all applicants to be 
sure the) meet the .scliooVs entrance 
roc|iiircments: 

• At least 1,500 hrs. diversified flying 

• Age from 25 to 33 scats. 

• Rank of second lieutenant tlirmigh 
major. (Most students at Edwards arc 

A Ijiiciielnr’s degree in engineering or 
one of the phs sical sciences is desirable, 
but applicants nia)- prove a second-year 
college knowledge Icscl by tests. 

l''roin Edwards, screened applications 
arc sent to USAh' where final selection 
is made. Cl he school is a US.M'' school, 
with operation rcsponsibilitv- delegated 
to .ARDC and in turn to Commander. 


WHERE CAN YOU USE 
G-E SPECIALTY HEATING EQUIPMENT? 


Whenever your equipment requires 
thermal conditioning, General Electric 
specialty heating equipment can help. 

G.E. ha: had extensive design 
and manufacturing experience in pro- 
viding controlled heating for a wide 
variety of applications. These applica- 
tions range from giant guided missile 
blankets to tiny one-inch long accel- 
erometer heaters. Problems of intricate 
shape, large or small size, unusual en- 
vironmental conditions, and amount 
of heat required have all been solved. 
LET US ANALYSE YOUR HEATING 
PROBLEM; a General Electric special- 
ty heating expert is available and a 


FOR MORE INFORMATION contact your 
General Electric Aviation and Defense 
Industries Sales Office or send coupon. 



□ for Iroirtodlolo pro|ocl 

□ lor roloronro only 



,^.s|)cets considered in tlic final 
screening include availability witli rc- 
siKct to airrent duty, service expeti- 
ence, and record. 

Rcsenists acce))tcd for training must 
agree to serve at least three s cats' active 
dutv after graduation. 

The l5-inaii classes u.sualls include 
14 US.\1’' pilots and one ''guest'' from 
the Civil Aeronautics Administration, 
tlic Nav). the RAl'. RCAl'' or a con- 

Schsol's Evolution 

Ilic school had its beginning late in 
World War II and immediately after- 
ward, when USA!' test pilot training 
consisted chiefl)' of cx|)cricnccd pilots 
passing along what they knew to men 
who were iiewh assigned. Scnii-formal 
lectures evolved next and finallv- the 
full-fledged school emerged under 
ARDC. Three vears ago it became a 
USAE school. 
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CUSTOM DESIGN OF G-E AIRCRAFT MOTOR 
CUTS MOTOR WEIGHT 45% AT 22% LESS COST 


Ordinarily, custom design is costly. Sometimes it isn't even 
necessary, But here is one example of how G-E custom air- 
craft motor design not only improved motor suitability but 
also substantially reduced cost to customer. 

Two motors were submitted for a customer's application. 
Both motors performed satisfactorily. But the G-E motor 
weighed 45% less and cost 22% less than the other motor 
shown by the silhouettel The reason; as with most G-E air- 
craft motors, the motor above was specially designed — 
for this one application. 

This is another example of the design service offered by 


G-E aircraft motor engineers— specialists in designing motors 
missile applications, 

Expert application assistance in aircraft motors is backed 
up by advanced design features, outstanding testing labora- 
tories. and modem manufacturing facilities — all adding up 
to on-time delivery of the right G-E aircraft motor for your 
application. 

Contact your local G-E Apparatus Sales Office for prompt 
attention. &clion 634-4, General Electric Co., Schenectady 
5. New York. 


G 


Thgress k Our Most Imporfanf Product 


ENERAL 



ELECTRIC 




(PV'" 



g NO PAD SPACE NEEDED: Reduced ensine frontal r FUNCTIONAL LOCATION; torbopumps can 
• orea permits smaller nacelle slie. be located close to power requirement. 


8 ways G-E Hydraulic 
give your aircraft greater 


The G-E Pump is a completely self contained unit lions to permit air supply from three directions reia- 
with its own control system and integral hydraulic tive to a fixed reservoir position. This feature helps 

reservoir. The inlet duct is assembled in three posi- the Pump meet voried inslellation requirements. 





Turbopumps can help 
availability, better performance 


Genera! Electric's new Hydraulic Turbopumps are 
now available to give you the eight benefits 
illustrated above in furnishing auxiliary power for 
your aircraft. Designed to operate at almost any 
location within the plane’s structure, the G-E Pump 
can be used to supply power for such hydraulic re- 
quirements as raising and lowering the lending gear, 
steering, opening and closing bomb-bay doors, 
maneuvering wing spoilers, and empennage surfaces. 
Designed for efficiency — These G-E Pumps operate 
on the simplest of principles. Turbine wheels in each 
unit spin on streams of air extracted from the jet 
engines. The turbine wheel shafts then drive the 
constant speed variable displacement hydraulic 
pumps. This system eliminates the problems of bulk 
associated with direct drive systems. Expensive 
maintenance procedures are also unnecessary because 
a mechanic can easily get to each drive inside the 
plane. Their remote locations eliminate the weight 


of long transmission lines, and ground test operation 
is possible without operating the main engmesl 
Greater aircraft availability: G.E.'s Hydraulic Tur- 
bopumps have been proven in operational testing. It 
has been designed for faster, easier installation, and 
greater accessibility in maintenance. These inherent 
features add up to greater availability for your 
aircraft. 

Can meet your requirements — Designed to meet the 
toughest conditions that might be encountered in 
flight today, current models can operate up to 55,000 
feet. Potential operational altitude is almost limit- 
less- For more information on how General Electric 
can help you meet your auxiliary power demands, 
see your nearest G-E Apparatus Sales representative, 
or write for bulletin GEA-6333. General Electric 
Company, Section 231-4, Schenectady 5, N. Y. 


Tigress Is 0(/r Most Impotianf T^odoef 
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Arnold’s Tunnels Test New Weapon 


By RoIxtI H. Cuslimnii 

riillahoina, I'cmi.— As each new s\ind tunnel is checked out at Arnold 
Eiigiiiecritig Development Center, aircraft contractors form a line, waiting to 
nse it. Already the -finished test center has contributed major aero- 
dynamic and engine data to some of the eonntrv’s most important weapon 
prt^rams— the ICBM, the Centnn Series fighters and the B-58 1 lustier super- 
sonic Ixnubing system, 

lintialh funded Iw Congress as part 
of the uiiitiirv wind tunnel jdan in 
1949, AEDC was tailored to keep US 
fighting aircraft internationally eoni- 

Now, .dthoiigh AEDC's lead o'er 
the slate of the art is perhaps less 
proniiniiced than ex|)eeted, the eentei 
stands as the best of its kind kiios'ii 
Ic be in existence. 

ageinent down. Mans of the men sslm 
ssiirked cm the original tunnel designs 


ssitli the parent eoinpain, Sscrdtiip 
and Parcel, h.nc transferred to ARO. 
Inc. to operate the center and coiitimie 
to iinpros'c it. 

Utilization Record High 

I lie present record of plant ntili/a 
turn IS high, 

•Vriiold's Engine lest Eacilits 

v hieli has been running long encnigli 
to liu'e obtained ustge st.itisties. has 
aehies'td 6s/T iitili/ation based on a 
24-lir. day. The best evidence of it- 


usefulness to industrs is tlut its ciistoin- 
ers keep coming back. 

To appreciate the scope of .Siiiold’s 
abiiits to help spawn a weapon ssstcni, 
imagine what the center could mean 
to a hspotlictical wea|jcin system '.s ptog- 

'Hie following ilhistratinn is a fiction, 
out |>atterned after am actual .svstcin. 
Tliis liHmfhetieal example will start 
todas ill time and go to 1961, including 
Ihe time needed for the cumplelion of 
.\EDC and giving flic system somewh.il 
e v er the inininnim tliree vcais' devclop- 

Assimie to stall with that Midwest 
,\itetiift's weapon svsteiii stndv grouji 
Inis come up witli a system which the' 
think is tlie answer tu a vital defense 
need- Brieflv, thev plan a missile called 
"Slofast” as an ICH.M predecessor. Like 


Systems 

the Snark, it cruises subsonically at mod- 
erate altitudes. But unlike the Smirk it 
lias reserve performance so that as it 
neats an enemy off-shore radar warning 
line, it can gain speed and altitude, fly- 
ing up and over enemy interception, 
l inally, when over the target, Slofast 
noses down and dives hypctsonicilly to 
elude anti-missile missiles as it pinpoints 
its destructive effect. 

Since much of the missile's perform- 
ance is well outside the contixiny's past 
experience, it feels it must try to check 
its assumptions before submitting an 
informal |3roposal to the Air I'kitcc. 
How will tlic missile behave in the final 
Mach 5 dive to the target? Will it 
overheat the warliead? W'ill it remain 
under eontrol? 

Tlic conipanv has a small Mach s 
tunnel but its Rc;nold’s number is too 


low to give the engineers faitli in the 
similarity of the model results to the 
full scale results. 

Where to Test? 

I he mmibet of existing w ind tunnels 
vvbicli will simulate actual flight at 
^fach i is limited- In running down the 
list the -Midwest test engineer calls 
.-\EDC to find out what help it could 
be, 

lie talks with Col. Bernard Marsch- 
ncr. militarv' chief of the center's 
K &• D Div ision. 'Ilie engineer tells Col. 
Marschner his company docs not liave 
a contract at present but he has licard 
that niider the unitarv plan his com- 
pany is eligible tor some tunnel time 
on a proprietary project. 

Col. Marschner encourages tlie en- 
gineer to visit .AEOC. He begins bv 
discussing his cimipjny's needs witli 
Robert Kamiii, Marsclincr’s cwilian 
counterpart and Maj. Gil Morehouse, 
eliicf of the division's Program Branch. 


I'licv art part of the relatively small 
.\ir force staff wliicli oversees operation 
of AEDC. I'hcir job is to screen new 
projects, but once that is done a con- 
tractor's re|3resciitiitivc is turned over 
to the operating contractor of the base, 
■ARC). Inc. 

After a tour of the base, Kainm takes 
the engineer to the Gas Dvnamics Ea- 
cility IGr)ri office wlicre lie meets 
Ronald Smelt. GOE director and former 
chief of Britain’s liighsixed flight re- 
search. 

Smell feels that GDE' may |>c able to 
iiin tests in tunnel E-1 in a couple of 
months if. its seems likely, the program 
now in tlic tunnel runs into trouble 
and the next item on the |irioritv list 
isn’t rcadv. 

"Assuming AKDC's Air force R &• D 
division (Kamni and Matschner’s group) 
okay your test, then if your model is 
ready wc will he very happy to slip it 
in." Smelt says. 

Kainm and Smelt estimate that they 
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ARNOLD ENGINEERING 
DEVELOPMENT CENTER 




fan get Midnest's program over in 
about two svccks at a cost of 58.000 per 
week- This includes operating costs 
and electrical power but nut aniortiaa- 
tioii of the fjcilitv- 

Smeit gir cs lii.s new customer a cop\’ 
of the tunnel specifications and adr iscs 
him to study the hpc of model mount- 
ings he wants and compute the. data 
equations so they u'ill be ready. 

Smelt assigns a Gl')h' engineer to 
the contractor’s testing- W'hilc they 
w.iit for the \'acancy in tunnel E-1, the 
ARO engineer makes certain tliat the 
contractor’s model will be correct for 
the test and that the computer pro- 
gram is ready. 

B\' fall of 1956 the expected break in 
the schedule arrives and the company 
test engineer brings an 18-in. Slofast 
model to the center, \\'orking around 
the clock, -ARC) technicians install the 
model on the sting mount in K-l's 
12-in. test chamber and coirncct the 
instrumentation, 'lliis tunnel is the 
oldest operating tunnel at .Arnold. It 
already has prosed s-aluable on the 
Ravtlicon Hawk missile and Rcquiblic 
r-105and 105 aircraft. 

l'’or the coinpimy's model they run 
a series of one minute blow-downs at 
Mach 5, programming the altitude in 
steps from 100.000 ft. to sea lc\cl to 
simulate the svarhe-ad re-entry. 

Data Handling 

During the rnns the company test en- 
gineer n-atches the schliercn of the 
shock waves to get a visnal picture of 
the flow piittcrn around the missile and 
after t-ach blow-down lie stcqjs over to 
Hc.xowriters and plotters which ate au- 
toniatiralh' tipiiig and point-graphing 
the adiauccd data in .scini-corrcctcd 
fonn as it is fed Ixick from the KRA 
1102 com|nitcrs. lire reduction system 
is capable of returning 250 inputs in 
30 sccmids- 

Between tests, he discusses the test 
points for the next tun with the 
ARO test project engineer, 

,'\t the end of each dav’s run he calls 
the home office and rwds the day’s re- 
sults to the Slofast project engineer. 
I'or particularlv pertinent tuns he teats 
the punched tape from the l•’lcxow^iter 
and takes it to Arnold's cwmmmication 
center, where it is tclctypcd dirceth' to 
his plant- 

Tliis combination of rapid reduction 
of data to usable fonn an<l constant in- 
tercommunication allows the project 
group at the home plant to utilize the 
tunnel results while tlic testing is going 
on. Thev call the test engineer at the 
end of the first week of testing and tell 
him that the results indicate a factor 
w'as oi’crlooked in tlicir original analy- 
sis and that it means a slight but im- 
portant change mu.st be made in the 
w'arhead’s configuration if the missile 
.system is to work at all. If |)ossiblc they 


would like to have the change made 
and new runs to check it out. 

The .MfDC tcchiiic-al seniccs shop 
makes the "fix" ewer the weekend, add- 
ing the additional instrumentation to 
check out the laliditi of the change. 
I lic tuns in the final week ictify that 
thev have solved the problem. In fact. 
Ix-cause of the completely autonuitic 
lest .set up. the test engineer finds that 
he is able to throw in two extra test 
iims to bracket the desired test points 
for further accuracy. It is just a matter 
of pusliing the "take-data" button 
and then svatching the results come 
off the recorders. 

Powerplant Tests 

\\'hile at ,\EDC tlic comp.iny engi- 
neer is cleared to visit the engineer from 
tlie company supplying the missile 
[Xiwerplant. 'Hie powerplant engineer 
invites the airframe engineer mcr to 
watch the engine on test in one of the 
I'Hi' etil.s. Ts pieal <if the long dcs'clop- 
inent cycle on turbojets, the engine al- 
ready has been under test at KTh' for 
.some time. The |jowerplaiit coinp.my 
also has been tc.sting a boiler plate lam- 
jef in K'l’l-’ for almost two years. It 
liopes to eonibine its experience on 
these two eiiaiiies for a dual-cycle power 
package for the missile. 

The Midwest engineer leases .Arnold 
at the end of the setond week with 
schliercn photos and the ,\RO project 
eiigiiKcr's prcliininars- data report. 

In about 60-90 class he will rcctisc 
the final test report, after the .^RO proj- 
ect engineer has had a chance to csal- 
uatc the results for completeness and 
accuracy. He is assured that it is 
Al'lDC's practice not to distribute the 
company’s proprictars ic.sults eitlier to 
the Air I-'otcc or industrs'. .\mold, 
Iiosvever, svill keep complete records of 
all tests made, using them to evaluate 
its osvn cqoipineiit. 

W'hcn .ARDC receives the comparv's 
informal ptopovil late in the fall of 
1956. it is sufficiently impressed to 
award Midwest and one otlicr firm com- 
peting USAI-' Phase I contracts. 

Coordinating the testing of these 
two contractors with each other and 
with the other systems competii^ for 
priority is no small problem for AEDC. 

Priority for use of .AEDC facilities is 
established bv .\RDC in conjimetion 
with IIQ USAl' Headquarters. 

The priority decisions arc particularlv 
difficult when an aircraft or powerplant 
that has already mssed through AEDC 
and i.s operational suddenlv is grounded 
because of "bugs.’’ Tlie panel then 
must take time in the tight schedule for 
"debugging” tests, sometimes postpon- 
ing work on future systems. 

As far as the hypothetical weapon sys- 
tem’s use of AEDC within the limita- 
tions set down by the priority hoard 
goes, tlie contractor, the Weapons Sys- 
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Keeping Pace with Air Progress! 


Chatham 

Electron! 



MODgL 28V10O 




Chatham Type 28V100 is a major step lorward in the 
design of airborne pover supplies. Employing long life, 
lightweight CHATHAM kotron Selenium Rectifiers, this 
100 ampere power supply provides substantial weight 
savings, greater reliability, improved electrical 
characteristics and reduced size. Featuring ruggedized 
construcUon throughout, Type 28V1D0 exceeds the 
requirements oi MIL-P-7212 specifications. For complete 
information, call or write — 

Aircraft Equipment Department of; 

CHATHAM ELECTRONICS 

ijion of Gero Corporofion - LIVINGSTON, N. J. 


Designers and Manulac 
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TRANSONIC COMPRESSOR POWERS ARNOLD'S PROPULSION WIND TUNNEL. 


tern Project Office cimcemed. niid .^t- 
iKild iiiiist thrush out the ripes of tests 
end the iiiccIwiiiCs of getting them 

In this case it is decided that ade- 
quate test sii|)p()tl sluinld consist of: 

• Investigating aerodynamic Iicbavioi 
and powcrplani inlet conditions with 
scale models in the best completed 
tunnel of C.ni''. ,\s nuicli of the lower 
performance testing as possible "ill be 
inn in tunnels outside .\F.DC to free 
lire unique .^HIX facilities for more 
\ ital work. 

Kngine exhaust effects cm be simu- 
lated on the models by piping in oxy- 
gen and hydrogen. T'hc svatcr which 
results from tlic coinhnstion of tlic'se 
two chemicals- will be remosed by the 

• Taking the results of the inlet in- 
vestigations and providing these con- 
ditions at the inlet of the possctplant 
contmetor's spccinlK' modified tnrirojet 
in the FTP. 

• Siimilating the liy]>cr5onic re-entrv in 
cop's R-2 or B-minor to a more re- 
fined degree than Irad heen |3ossiblc 
in the first E-1 proprictarv test. 

• Ruiiiiiiig a power plant-missile in- 
tegration analysis with a "lise " en- 
gine burning in a Slofast prototvpe 
moimtcd successis-ely in the two cir- 
cuits of the Propulsion W'iiid T unnel. 
In tills test the complicated cross-oscr 
fioin subsonic tnrboict cruise to full 
ramjet penetration can be adjusted out 
under controlled obsen'abic conditions. 
T'bis will be the climax of the contrac- 

ARD Liaison 

At llicsc meetings the Niidwest proj- 
ect group meets the engineers wliicli 
the GDP, ETF and PWT chich lunc 
assigned to tlie tests. These .ARC) men 
will li\c with the contractor’s problems 
for tlie next few years— possible longer 
if tlie system has to come back for 
fixes during operational use. 

They and tlicir staffs will iiiate it 
their business to visit the \fidwcst 
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plant and Icam all tlicy can about the 
svstem, keeping up with innovations 
and refinements as they develop. The 
ETT and PWT' groups will \isit the 
powcrplant contractor's plant and learn 
all about bis engine. 

TTie .MU) ineehaiiics. for example, 
must know cnougli about the engine to 
tear it down and rebuild it in case cx- 


Brig Gen. Troup Miller, Jr., CoinmandBr, 
Arnold Engineering Development Center 
. . . born Omoho, Neb., 1908 . . . 
grodsrate U. 5. Military Acodemy, 1930 
. . . learned to fly at March and Kelly 
Fields . . . transferred to Air Corps, 
1931 . . . served in flight and combot 
crew training posts . . . served in the 
Southwest Pacific in World War II with 
Fifth Air Force and Far East Air Forces, 
and os commander of the 59th Air 
Service Group and chief of staff and 
commander of the 13th Bomb Command 
. . . served at Air University and USAF 
Headquarters . . . commanded North- 
ern Air Moteriel Area (Europe) from 
July, 1953 until lost Aug. 1 . . . holds 
the Legion of Merit and the Air Medal. 


tensive work is needed to continue a 

The first test of the program is 
iim ill Tunnel A early in 1958. It is a 
much more elaborate version of the 
contractor's first proprietary test. TTie 
contractor and ARO agree that a semi- 
span or half-model of tlic missile siioulcl 
be mounted on the test section wall for 
ibis. 

To give ARO adequate lead time tlie 
contractor delivers the model to .AEDC 
four weeks ahead. 

Because Tunnel A tuns continunuslv, 
it is able to provide mote eoiiscnicnt 
testing than the first test in blosv down 
tiimicT E-1. A Sow of Mach 2.S moves 
past the model constantiv while the 
inlet configuration of the mode] is 
varied for optimum setting. The un- 
usually high Reynolds number due to 
lire liigli pressure of the tunnel means 
that rc.siilts will be valid for the full 
scale missile. 

The powcrplant tests in FTK, which 
will come in 1958 and 1959, ate tlie 
most extensive series of the whole 
program. Here the associate contrac- 
tor takes first place as he attempts to 
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lion out tlic ninny prcililcins of liis 
ihu1-c\clc powcrplimt. 

rlic test sbirts in E'l'l ' cell T-1. with 
the engine connected dircctli into tlic 
KIT’ ;iir supply. 'I'liis onh pros ides in- 
tcrnnl engine coiulitiiins. hor the nil- 
nnporlaiit inlet conditinns ;md the 
iinnsitioii to full rninjct nftcriinriung 
the test engine is nnned into I'lTI'’ cell 
T-4. 'ihete heliind the 'ipceiiil swncl- 
ing frec-jet noz/.le. re'ilhtie flight inlet 
londitiinis arc pteidnccd. 'lo a large 
extent the success oi failure of the 
inissile-|Kiwerplant conihin.itiiiii is de- 
terinined in these tests. 

W hile these tests are going on in 
FTI 's I' -t, the competing svstCTii witli 


its |)(meiplant. is being tested in the 
ncarhs Kl'l' Rainjct Addition (RJA). 
I'lic proxhnit; is at first felt to lx- too 
(lose, hut both projects soon learn that 
AKOC's sssteni of eloscd-iiff areas and 
sjxcial iiiter-faeilits badges can he 
trusted. I'liei find that there are no 
leaks from one projeet to the other nr 
to the three otlier tests going on in 
h: i !■ at the same time. 

So tight is the inter-eontractor sc- 
enrils, in fact, that the Midwest men 
do not esen know their competitors 
li.ive solved the same inlet position 
piohleni now stiinipiiig them- I he 
I'lTI’ officials, of course, know this, and 
they sec that the US.M'’ staff knows 





THIS PLOT imtliiies general |i.irii:"iaiiee 
testing ranges as-jilabie for lamjel iitnpiil- 
sioii unit test .it Arnold's Kiigiiic Test 



^^TbmaTton- 


the I 

MAKES MECHANICAL TUMBLING A FULLY 
AUTOMATIC BARREL FINISHING PROCESS 


MACHINE 


ROTO-FINISH 


• Completely Automatic 

• Needs no operator in attend- 

• Loads and unioads itself with 
each cycle. 

• Cycie sariablu for different 
part requirements. 

• Provides continuous opera- 

• Assures uniformity of fini.sh 


• Lmv cost iipcralion — high 
production 

• Complete package unit 

• Simple to install . . - Electric, 
water, air and drain connec- 
tions only. 

• Suitable for straight line pro- 
duction. 

• Thus. ''Rotomaiion" barrel 
finishing machine becomes a 
machine tool. 


3719 MILHAM ROAD, KALAMAZOO, M ' ' 


c 0 « P « N r 


ORIGINATORS OF THE ROTO-FINISH PROCESS 



enough about the situation to work 
out a’soliiHim coinixitable with the in- 
terests of both contraetots anti national 

Bv ibfil). with the GDI ' and Kl F 
tests in er. the eoiiti.ietors are re-.ich to 
go ahead uitli the big test— a fiill-st-.ik 
tun in the RWT. 

Sizing the portion of the Slot.ist to 
go into the two I’W'T ciieiiits turns out 
to be no problem at all. The whole 
missile will fit inside the Ifvft. square 
test section. 

Complete Missile 

I he protoRpe for this test, eoni- 
plete with engine, is delisered to ,\T1X1 
two months before the scheduled tun- 
nel otaijWiies tial.i- It is tarried to one 
of the finii n'.illed-iiff bats in the PW’I 
model installation bnildiiig- 

llere. in gii.irded privaet. teehni- 
uans install the Midwest nnssile on 
■me Ilf I’W I's three 4s()-hm ptfahle 
test seetioiis, using a speeiallt designed 
mount. I’liet connect the engine in- 
strmiientahoii. the limidreds of thermo 
eonpktl. slr.iin gages, ))tcssure tniiisdue- 
Lts, flmtmeters and tibration piek-iii>s. 

To vise time .\RO lias urged that 
Midwest's a.ssociate cu|iiie emitractm 
install Ills own internal engine iiistrii 
nicnfatimi. such as teiiiper.itnre and 
pressure pifkiips on the piiwcqilaiifs 
rotating nieinhers. The associate eoii- 
itatfor is able to do tills while lie builds 
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ToTead, 

Ecu^leo io 
...OkdR/ild 


Sinniltitcd visual flight conditions now play 
an important part in training fighter pilots 
la use atiiomaiic computer-type sights far 
gunnery, rocketry, and bombing. Under 
Air Force contract, Rhecm-Phikidelphiu has 
developed a three dimensional visual simu- 
lator which duplicaic.s actual combat prob- 
lems. This device is known as the F-151 
Fixed Aerial Gunnery Trainer, Utilizing a 
unique television pick-up and display 
system, it portrays a realistic siinulalion of 
ground and airborne largcis. It shows the 
exact geometric relationships between 
fighter and target — regardless of course, 
speed or maneuver of either. Rhcem is the 
first and only manufacturer of such three 
dimensional visual flight equipment. 



PHILADELPHIA 


GOVERNMENT PRODUCTS DIVISION 


RHEEM MANUFACTURING COMPANY 
PHILADELPHIA PLANT 
31st and Oxford Streets, Philadelphia 21, Pa. 


STevenson 7-3000 



AT THIS MOMENT 



WHEN PRECISION COUNTS 


YOU CAN 
DEPEND ON 
GRUEN 
PRECISION* 


Flaps down .. runway clear. ..speed 130 knots! 

This is the moment of touchdown! This is the 
moment when precision counts most! 

MINISTOP by GRUEN-o precision port smaller in diameter 
then your (isl— lakes command at the instant of touchdown. Its 
precision electro-mechonicol broin infallibly oids the pilot os he 
brings his aircraft to o smooth, gently rolling, skid-free stop. 

It's onother exomple of Gruen precision you con depend on! 
MINISTOP by GRUEN is no foir weather friend, either! It com- 
pletely ignores blinding snow, slick roin, treacherous ice . . . per- 
forms with famous Gruen precision olwoys! Stopping distonce is 

Whatever your products. ..whatever your problems... 


ticolly! The pilot is free to con. 
ioter overall safety is ossured! 
MINISTOP by GRUEN is lower-priced, lighter ond more com- 
pact than any other anti-skid device. Installation is easy and eco- 
nomical— maintenance praclicolly nil. Tires lake less punishment- 
lost for longer. And the MINISTOP has been Fully tested ond 
proven under the most rugged conditions. 

Mode only by GRUEN in this country, MINISTOP is in use right 
now on leading oircroft throughout the world . . . increosing safely 
ond comfort, , , decreosing operoling costs. Could MINISTOP do 
the some for you? Why not contoct us lodoy and let our engi- 
neering stoff give you the complete story. 

. . when Precision Counts Most . . .You Can Depend On . . 

Gtu.n f>r«l»or PtodvO 


THE MINiSTOP by GRUEN 

. . world's lowesl-priced, lightest, smollest, easiest to instoll 
nii-skid device. Another product of famous Gruen precision. 


MOST 




In me liearl of ike nation's j» 
vorlrf headquarters Vellecls its s 
poa quarter of a century. Its n 
ee/under roof, and iWoCX) sqi 


operations — ihelSuyfic Southwest- 
.^Hy growlh during 
odehj facilities with 


igine. propeller. accAs-.ries. insltutnenl and 
ervice ... aviation prn(=...and military and 
commercial airframeV'. rhaul and modification. 


THE B ABB\cOMPANY. INC. 

Sky Harb^ Airport, Phoenix. Arizona 

■lore than a gucrier oj a erniury'el senict to (Ae di>cra/( /nduiir)':’ 
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CONTRACTOR oversees test run. 


the engine up for shipment but ARO 
would have to tear down the engine 
then rebalance the rotating parts before 
rebuilding. 

As this test will cost AEDC roughly 
$5,000 per hour (lxs.t guess at this 
time), no eti|>ensc is spared in making 
careful preparations. Each ininutc of 
qit-<m tinio must be productive. Not 
only will this test tie up the but 

park t)f the ETh' and RJ.\ will have to 
shut down on tlie higher porformanec 
portions of tlic runs, since they prm ide 
power for sc.it enge and make-up ait. 



In inid-suiiimcr. i960, the first da\ 
of PWT occupancy block time arrises. 
The P\\''I' test section containing 
Midwest'.s Slofast missile is brought 
up to tlie transonic ciraiit on PWl's 
125-ton transfer cart and lollecl Into 
place in the circuit. It is jacked into 
smooth alignment bcliind the ''ariable 
tfiroat iiua^lc and alicad of the exit 
diffuser, with its exhaust scoop. 

Start of Test 

After one day of hook-up. the 216,- 
000-hp. main tunnel compressors 
(which have been turning slowb’ to 
present a permanent sag from setting 
up in the 57-l-ft. drive shaft), arc slowK- 
accelerated up to speed— 600 rpin.-and 
air begins to now past the actual missile. 

The 200,000-hp. ETI' RJA power- 
plant stands by to scavenge the exhaust 
when the powcrplant is lighted off; flic 
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THERMAL 


HEAT EXCHANGERS ! 


for 

flexibility in 
test facility 
air heating . . . 
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SUPERSONIC 

SHADOW 


Tomorrow's aircraft are casting their shadows before them. Details of their 
performance are incredible. Yet their most dramatic asset is still the fact that 
a human pilot will be at the controls. For there Is no mechanism that possesses 
man's power of judgment ... his ability to capitalize on opportunity. At North 
American — home of the U. S- Air Force F-lOO SUPER SABRE, the free world's 
first operational supersonic fighter, and the Navy FJ-4 FURY— this is the order 
of the day; to make tomorrow’s planes habitable by man, while they operate at 
speeds and altitudes which otherwise would be beyond his physical limitations. 


SPACE 

SILHOUETTE 


at North American. More than ten years ago. North American engineers 
started work in an almost unexplored technological world. This was the 
birth of the U. S. Air Force's SM-64 NAVAHO Intercontinental Missile. Today 
— though security restrictions prohibit any details— we can tell you that the 
automatically controlled NAVAHO is playing a vital role In the Air Force's 
program of missile development, so essential to our nation's security. 



NORTH 


AMERICAN 


AVIATION, INC.^ 


217 


1 

f 


when 1 ( L. 

1 il 

F 

can cripple 

your component . . . 






you need a Thermotlex - insulated housin g 



by Johns -ManvMIe 


In the flying furnace that is today’s 
jet aircraft — or miaaile — components 
must still deliver maximum iierform- 
aiice. That’s why so many manufac- 
turers of actuators, starters, pumiis 
and electrical equipment are turning 
to insulated housings as developed by 
Johns-Manville. These housings are 
tailor-made for each comiJoneiit de- 
sign. They fit snugly and form a con- 
tinuous barrier against the scorching 
temperatures encountered at suijer- 

CarefuUy fabricated of high-lieat- 


resistant alloys, Johns-Manville hous- 
ings are insulated with Thermoflex® 
refractory fiber felt. They are light in 
weight yet possess unusual structural 
strength and rigidity. 

If your component is subject to 
failure from high temperature, get in 
touch with Johns-Manville. Exi>eri- 
enced insulation engineers will plan a 
housing to give your component the 
protection it needs. 

Write to Johns-Manville. Box 14, 
New York 16, New York. In Canada, 
Port Credit, Ontario. 


m Johns-Manville A [r^'raf T^i tTm^s TRY 
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E l l' air supply is rc.uly to make up 
the scavenged ait tvith clean air. and 
the 180.000-hp. \cntiliitcd throiit suc- 
tion dti\c is rt-atlicd. The tast cooling 
svjtcr floss-100.000 gpm.-is tcniosing 
the heat cliurncd in hs the compres- 
sor. Bccau.se of the I’W' i' drain on the 
E Tl' and RJ.\ the tunning is sclicdnicti 
at iiiglit. 



.\ftcr the check-out nms. serious 
flight simulation besins. Starting at 
louiicli conditions, the possctplanf is 
••fired up” and the initial acceleration 
u|! to cruise is performed. short run 
at cruise and sO.OOO ft. is hcld-just 
long enough to sec that the cniise svill 
be sittisfactors'. llic ratio of net thrust 
to specific fuel consumption is most 
imijortant here— the cost of tunning 
this tiinne! being too prohibitise to al- 
iens’ the hixurv of an endurance run for 
Slofast, 

Ventilated Throot 

riicii. for the transonic crossoscr. 
the tunnel throat is "scntilatcd” by 
|)iilling a suction through its porous 
ssjIIs (to absorb the shock ss-jses from 
lire missiles' nose and present them 
from bouncing oS tlic throat test sec- 
tion svnils and hitting the missile's tail) 
and the tunnel floss is further increased 
bs’ adjusting both the comprcMor speed 
and curs’ature of the variable tunnel 
iiuazlc walls. 

.■\ll this time the engine thrust 
output is kept matching the missile 
drag as it ssould in flight, the 

turbojet pusvcrplant is no longer able 
to oscrcome the missile drag the after- 
bunicr is lighted off and the engineers 
arc able to continne the accclctation, 
sloss’lv. as the response of the tunnel's 
huge macliinen’ presents actual time- 
matching of the acceleration. 

Tills eanits the missile right up to 
the Mach 1.2 limit of the tr.insoiiic 
circuit's ability. 

Sonic Orog 

Since getting through tlie transonic 
drag hump is one of the most critical 
phases, this is run thrnuglr a number 
of times. 

Witlr tlic large schiicrcii, test en- 
gineers clicck to be cert-ain that the 
variable inlet sliape is prosiding the 
correct lowtioii of the sliock pattern 
for the all-important shock ram recos'cry 
ss’hicli is to take the place of turbojet 



LELAND EMERGENCY POWER GENERATOR 

A self-contained, self -excited package ... 5 KVA, 120/208 v, 400 c, three 
phase, GOOD rpm... includes magnetic amplifier voltage regulator! 

Emergency systems area must on all present and future aircraft. Single engine 
fighters in panicular require electric power chat no longer can be obtained 
reliably from a battery. 

Leland's solution to die need for reliable emergency power is this 5 KVA 
alternator driven by a ram air turbine. The whole unit either drops into air 
stream or lias air ducted to it. Hydraulic power is furnished by mounting a 
pump on the pad provided. Or. ..Leland's alternator can be driven by a 
hydraulic motor tiiil/i the entire unit mounted inside the aircraft.' 

Either way you get a positive system with dearie and hydraulic power 
available as long as minimum air speed is maintained. 

Leland's power package requites no external source of electric power for 
start-up. Magamp regulator holds voltage steady. Overload and shore circuic 
power can also l» provided. 

Power supplies are Leland's business. Other power products include: 
inverters, motors, actuators, AC and DC generators for missiles. For the solu- 
tion to your power problems contact Leland’s Airaaft Products Sales Depart- 
ment via TWX-DY-258 today 1 

THE LELANO ELECTRIC COMPANY 

MkaiiMMiUililiUkM OMsiMi si AMERICAN MACHINE ( fOUNORY COMRANT 
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Cessna T-37 designed for Jet Training 


To meet jet age demands, the U. S. Air Force requires a jet trainer that 
makes it easy for cadet-pilots to master first line combat airplanes. 

The Cessna developed T-37 introduces the cadet to all combat jet airplane 
characteristics while training on this safe, easy-to-fly jet trainer. 

It is designed to provide the Air Force with a jet trainer that can be operated 
at substantial savings and cover the most important and longest phase of 
the cadet-pilot’s jet training. 

It is a privilege for us here at Cessna to team with the Air Force in its forward- 
thinking plans for the jet age. CESSNA AIRCRAFT COMPANY, Wichita, Kans. 



'•Air force T.3T...Yott nre clcnrdjor Inke-off" 



Be an Avialion Cadet. Inquire today about the future your 
Air Force otters from your Air Force Recruiting Office. 


New Low Hysteresis and Threshold in HYDRAULIC RESEARCH'S 

DRY COIL SERVO VALVE 





For High Performance Stabilization 
And Control Systems 



HyMtRAVLic Research 

AXU MAXi FACTt MUXa t'OMHAXV 

Suhtidiary of Bell Airera/t Corp. 

2835 N. Naomi Street • Burbank, Coilf. • Victoria 9-2237 


CHAUEtUCINC ENGINEESINC POSITIONS OPEri 





HELICOPTER EHGINES 



As of July 1, 1956, we ha%’e delivered 5,279 
Franklin helicopter engines, all in our under 
400 h.p. range. We submit that this is more 
helicopter engines, by far, than have been 
produced by any other manufacturer, regard- 
less of make or horsepower. 

We make this statement, not to boast, but 
to emphasize the vast background of prac- 
tical experience we have to offer users and 
makers of light helicopters. 

If you have a helicopter power problem, 
all of our accumulated knowledge is at your 
disposal and we welcome your inquiries. 


h, Kirlipo 


Cb. I' 


prh 6, N. ' 


AIRCOOLED MOTORS, INC 

SYRACUSE, NEW YORK 
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Supersonic Test 

Here the iiiissik shirts where it left 
(iff ill tile tnnisoiiic tunnel and is flown 
iii> to its maxiimini perfotinanee of 
lOO.OOO-ft- and Much 2.5. rhougli 
lliis is right un the edge of present r.im- 
]et sliite-of-thc-art it h\' no meins has 
tapped the extent of this facilitv, which 
tmiltl take tlic iiiivsilc up to Mach 5 and 
well over 100,000 ft. 

As the Mach miinbet gets to 2. tlic 
engine cnni|jrcs.sor stages are cut out 
ciic In one. for the tunnel flow past the 
missile now is pro\iding the eoinprcs- 
sioii. as it will in flight, 

l''inal!y at Mach 2.5 the entire com- 
)>rcisor is bypassed and then ejected 
from tlic missile. .A special barrier lias 
been cniistructcd in the tunnel to catch 
the eompressor and present .serious 
damage to PW'T, 

The Slotast now flics on its inaxi- 
iiiiim speed, wliicb turns out to be oscc 
the design )>oint at Macb 2-75. 

Tliis run, made during a high-luiinid- 
ity spell of inid-smnmer. iliustnites the 
virtue of the closed-circuit tunnel- Be- 
eaiLse the tunnel cnntimiouslv recircu- 
lates its own air (except that which must 
be replenished to make up for the 
sc.is-cnged possetplaiit exhaust) it is 
able to maintain moisture free flow 
ss'ithout relying on dryers wliich would 
beemne saturated after a fesv hours run- 


Ready for Flight 


Because it has been througli the mill 
at AKDC. tlic missile uhicli leases 
.\mold for flight test at Patrick .\it 
I 'orce Base is more reliable and Ira.sicalK 


With most of the steady state mis- 
sile and posseqilant pnihleiiis worked 
out in the "cdptive" tests at T'ullahonia. 
the fliglit test program imss can enii- 
eenfratc on the dsnamic problems of 



get precision production help 
in volume and on time 


The critical shortage of competent technical men needn’t handi- 
cap your operation. Right now our creative engineers and 
precision manufacturing facilities are at your service for sub- 
assemblies or complete \mits of; 



• flne-pilch, insirunsenl-lype geor Qttemblies 
• precision metal cutting, grinding, finishing 
e industrial ar military optical assemblies 

We can save you time, cut costs, eliminate scores of irksome 
production problems. Naturally you have the service of our 
full laboratory and environmental testing facilities. 



Send for this Fact-Packed New 

our c’lito^err^ WritV'Meeba 
AW81. 1620 Central Avo., Mir 


Booklet — It describes 
nical division. Dept. 


MECHANICAL DIVISION 

OF General Mills 
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''LIVINGS 

FOR 

THE 


Lockheed scientists are designing 


ATOM 


LOCKHEED’S 

NEWS 

COLUMN 

Dciccticin of Heart Disease— onr 
«a/i'on's #/ killer— is being 
speeded with aid of Lockheed's 
ballery of super-jast electronic 
brains that are correlating the 
studies sponsored by the Nash 
Cardiovascular Foundation. Ten 
minutes' work sondwielied be- 
tween computations at the Missiie 
Systems Division gives the cardi- 
ologist complete and accurate 
harmonic analysis of elixtrocar- 
diogrants that speed Jiis vital 
research immeasurably . . . 

Radiant hcalinti. first lime used ia 
any airliner, will be one of the 
many new creature comforts of 
Lockheed's up-coming propjcl 
Eleclra- Heating wires in walls 
and ceilings work like electric 
blankets to give no*drafl. no-hot* 
spot comfort . . . 

Atomic plane concept on a recent 
cover of Newsweek was not 
based in any way on Lockheed's 
Georgia Division ANP (Aircraft 
Nuclear Power) Project. That 
plane will really surprise you . . . 

25.(M)0 Lockheed stockholders in 
every slate of the union will learn 
in mid-August that sales reached 
approximately S345 million for 
Che first half of 1956. In a like 
period 20 years ago sales were 
less than one million . . . 

Univac's newest cousin SI I for 
Scientific) will be the'top quiz kid 
in the battery of analogue and 
digital brains at Lockheed's Mis- 
sile Systems' Computer Center, 
Si. first Mode! IIOJA Unirac in 
use, "thinks" up to 100 times 
faster than other computers .. . 


Domeslicatiiig the atom to 
serve mankind has intrigued 
science for over a decade. 
One top priority applicalioii, 
secretly under way for several 
years at Lockheed: developing 
a tmelear-powered plane as 
different from present types 
as a supersonic Jet is from the 
first sikk-aud-u'ire biplane. 


IMAOINC A GIANT AIRCRA^ SOARING ALOFT. 
NOT WITH TONS OF GASOLINS, BUT WITH A 

A HANDFUL OF GRAVEL. EVENTUALUV. SUCH 
A PLANE-OF-THE.FOTURE-WITM THIS SCANT 
FUEL SUPPLY-WILL GIRDC-E THE GLOBE NON- 
STOP BETWEEN SUNRISE AND SUNSET. 


More than a dream, this incredible aircraft is now 
being developed by Lockheed for the U.S. Air 
Force despite problems of propulsion, structures 
and materials, thermodynamics, crew survival, 
producibilicy and maintenance unique iu aviation. 


Old concepts are being shelved, traditional solo- 
tions rejected. The ithui of aeroiiaHtical adi’acices 
that once took a gcueration of Kscnrelt are iioiv being 
telescopci inlo a Jciv wonihs, even weeks. 

Soon several hundred nuclear scientists and engi- 
nceis from Lockheed’s Georgia Division wilt 
move to the NoccTi Georgia mountain country. 
There on a vast site— some 40 miles from U.S. 
Air Force Plant No, 6 at Marietta, operated by 
Lockheed— will be built the nation's largest facility 
for the development of aiomic-powercd aircraft. 
The exact status today of U. S. atomic plane 


development Is still a military secret. But the 
strategic importance of die “A-planc” to our 
nation can hardly be exaggerated. It will be an 
aircraft with a new dimension — endurance un- 
limited. ItsimMcnsc range and roimd-iho-world 
patrol capabilities are certain to revolutionize air 
logistics — freeing military aircraft from shackles 
presently imposed by fuel capacity and air- 
base location. 

THE DAY WHEN AMERICA'S FIRST NUCLEAR- 
POWERED AIRCRAFT BECOMES OPERATIONAL 
WILL BE ONE OF THE TRULY SIGNIFICANT 
DATES OF AVIATION HISTORY. 


Looii; to Lockheed 
for Leadership 

LOCKHEED 

Aircraft Corporation 

CkiUfomia Diviitiiri, ^irfaiik, Catif. 

Misule Systems DU'isiou. Van Nuys. 

Pah ^IfD, and Suasiyvale, Calif. 
LoekhetdAir Terminal, Burb.wlr, Caiif. 
Lockheed ,'lircrafi Setvtu, Otuatia, Calf, 


A naliunully-known Los Angeles 
physician, after periods of in- 

airport. buys a round-lrip ticket 
to New York on a Super Constel- 
lation. spends a quiet day at the 
Waldorf-Astoria, and comes 
back on the next flight. Says: 
"U relaxes me". . . 


Hercules C-130 performance data 
fust released .show that the USA F 
strong-man can haul 20 tans of 
cargo right on the contrails of a 
fast jet tactical force. 100 mph 
faster than present combat 
transports. Hercules climbs fully 
loaded to 2500 feet altitude in 



External fuel tanks by Royal Jet 
extend range of supersonic F-100 


That extra fuel supply under the wings gives 
North American’s Super Sabre a greater reach, 
makes it a more potent fighting package. 

Squadrons of Super Sabres, first supersonic 
fighter-bomber to go into mass production, arc 
now operational with the Air Force, and aux- 
iliary fuel tanks to help these fast fighters roam 
'further will be made in quantity by Royal Jet, 
the nation’s leading pn^ucer of jettisonabic 
fuel tanks. 

Quantity production of fuel tanks for the 
F-lOO is another example of Royal Jet’s excep- 
tional abilities and facilities for metal fabrica- 
tion.'More than 100,000 fuel tanks, such as 
those used by the F-100, the F-81F and KC-97, 
have been produced by Royal Jet. And its 


years of experience and specialized skills in 
metallurgy extend to the design, development 

craft and missile components, including fuel 
float switches, pods, pylons and sealed steel 
containers for hi-nesting fuel tanks- missile 
systems and fire bombs. 

peralure insulation — structural or spaced 
insulation, formed as a shroud spaced between 
jet engine and fuselage, or as a shaped panel for 

duction experience you can use. Royal Jet 
engineers are available to assist with your 
specialized problem without obligation. 


ROVAI 


> 


ji:t, INC. - 



Design. Development and Production In these and related fields: 




.gift 
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UMlUUl- 
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Auxiliary Fuel Tanks 


and Other Coirponeiils 

Steel Fuel Tank Containers 


• ARNOLD 



CONTRACTOR, signs out of Arnold and 
heads for flight tests at Patrick. 


Stability, control and guidance. 

Arnold’s future is liiird to tie down. 
■'.AEDC liii.s limitless expansion ca|>a- 
bilitics (space, power and cooling water i 
... it will be the leading aeronautical 
testing center in the world at some time 
in the future - . said retiring Gen. 
Harris as he handed the Center over to 
bis successor, Ccn. Troop Millet last 
month. 

Straight Attitude 

But the using engineers coiihactcd by 
.\viAiiox W'kKK seemed agreed upon 
( lie tiling; The present sfraightforward 
attitude of sert ice to industry must not 
thangc. 

I'hc fact that Arnold is staffed with 
"career" cuginccrs with professional 
pride in their work and run by a prisatc 
industry operating contractor is |>ctliaps 
the best tca.son for hoping that it won't. 

Morc so than at am' other .ARDC 
base one lias the feeling that this is like 
aiiv other [xirt of indnstrs. vsifh the 
emphasis on flic job to be done and 

As .\RO Director of Kiigineering, 
(olm Wild said: 

"Siiiec most of ns bas e been schooled 
in industry, we base industry's \icw- 
point— and I think this helps us to be 
more useful to industry." 

'Hot Rod' Caliber 

,\niold will iiiif he content to do 
loiitinc testing. "You caiimit e.xpcct 
men of this caliber to be just service 
station attendants . . . primatilv wo are 
a stnice station, but wc like to think 
that while wc arc giving sersicc out front 
we are working on a Tiot-rod in biick,” 
says Smelt. 

.Arnold will put its stamp on the 
next century of aviation. Ironieallv. 
fhotigii, AEIJC will base to scum' to 
keep up with the scry progress it is 
fostering. ■ 



Withstands vibration, heat, corrosion — 
Meets AN-N'5b lock nut specifications 
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IN-LINE DESIGN OF A JOY AXIVANE FAN MAKES IT POSSIBLE 


Obin <irblo««ru>ed in DC-T. 
It piodgcti 900 CFM i( 8' 
pr«»ui«. Oloneler ii 9' and 
wcijM Ii !4 lb«. 



JOT lUtlOS A COMPIETI UNI OF FANS 
fOA ALl AVIAIION ANO IllCHONtC 
APPIICAIIONS. 



In designiag cheir new DC-7, 
Douglas engineers were determined 
CO make it "America’s most luxurious 
airliner." As a result, the DC-7 is air 
conditioned not only when in flight 
but also when on the ground! 

The extra air system called for real 
maneuvering in and about all sorts 
of obstructions in some of the most 
restricted areas of the wings and 
fuselage- This necessitated sturdy, 
lightweight, thoroughly dependable 
fans chat nould use as little space as 
possible. 

Joy Axivane Fans fit the bill com- 
pletely. Their compaa, in-line de- 
sign permitted installation right in 
the ducts, with absolutely no lost 
space for fan housings! 



The DC-7 fan system includes a 
condenser blower in the belly of the 
ship. Its job is to pull outside air in 
and over cooling coils. A second 
unit, called an evaporator fan, circu- 
lates the cool air throughout the 

Douglas has found this system ab- 
solutely dependable and very efii- 
cient. They state, "Ac all times, the 
cabin temperature stays in the pleas- 
ant 70’s." For complere details on 
Joy aviation and electronic fans, 
write to Joy MonufacFurtng Company, 
Olivor Building, PiFfsbvrgh 2Z Po. In 
Canada: Joy Manujacturing Company 
(Canada) Limited, Cult, Ontario. 



WORLD'S lARGtST MANUFAHURER 
OF VANE-AXIAL FANS 
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Engineered by Veughi 
World’s 


Faster-than-sound Crusader Will Strengthen 
U. S. Fleet’s Command of the Skies Above the Seas 
Chance Vought's F8U-I Crusader represents the next generation of 
Navy lighters. It combines supersonic level flight performance with 
exceptional combat ceiling, long endurance and ease of maintenance. 
Agile and amazingly lethal, the Crusader meets the demands of ship- 
board operating requirements with no sacrilice in speed and striking 
power. It will give air superiority to the U. S. Navy wherever its task 
forces operate. 


^ 7 ^ 




Behind this triumph in aviation achievement lay 
and development program.. .and experience g; 
pioneering leadership. Like many other significant Voughi advances, 
it emphasizes a tradition of engineering excellence, 

In the field of high performance aircraft, as vvell as guided missiles, 
the creative spirit is strong at Voughi. Because of this spirit, America 
can continue to expect superior new weapons from Chance Voughi — 
,as long as the need for them exists, 

SCIENTISTS AND ENGINEERS; There is a challenging 
place for you on Vought's creative team now. For details 
write: Engineering Personnel, P. O, Box 5907, Dallas, Texas. 
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J-M Tadpole 

Firewall Seais biocfc passage 
of flame and combustibles be 


Tadpole Seals installed at the flange 
between compartments do double duty 
in modern jet aircraft. (1) In event of 
6re they confine the flames permitting 
the pilot to land or bail out. <2) They 
provide a barrier against leakage of 
combustible fluids and vapors into 
"hot" compartments. 

J-M Tadpole Seals ate made with a 
specially processed Inconel wire mesh 


d-M Bomber 
Cloth 

stronger firewall fabric 

#89 Bomber Cloth flexible firewa 
fabric saves precious pounds. It 
the lightest material of its 

withstands the most sever 
tests. 




Write for further informoKon to Johns-Manville, Box 60, New York 16, N. Y* 

In Canada, Pott Credit, Ontario 

m Johns-Manville PACKINGS, GASKETS and TEXTILES 
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FPS.8 RADAR AT ROME ADC 


Cambridge Reshaping Aerial Worfare, TrofTic Control 


Rome Plans Integrated Global Communications System 
WADC Seeks Radical New Flight Stabilization System 
Heat, Rodiation Revolutionizing Avionic Components 


I 

I 

I 

I 

I 

I 



an important entry into an important field. 

A NEW DRY COIL, DUAL STAGE ELECTRO-HYDRAULIC SERVO VALVE .. .0»«r Uo years In development 
...novr ready to oo'lorm critical taslisin Ihe control of piloted aircraft and omcled missiles. Desigrcd to achieve prealesl 
possitjlc rcliatiiliiy, a mechanical force feedback system belween stages, together with a fnctionlcss bydrajlic seal, 
provides cntrerie sersilivily wilhool Ihe necessity for dither Your inquiries on specific applications arc invited, 


luesfon 



HYDRAULICS, LiMiTso > IV letcv.fit'.ni rnim«i!jn’i 
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Reshaping Air Warfare, Traffic Control 


By Philit 

Ilanscom Field, Mass.— Exciting 
conduct o( aerial warfare and air traffic i 
Research Directorate (ERD) of the 
ter (AFCRC). They fall into two bro 

• Search for tecimological break- 
flirouglis in key rcsearcli areas. These 
nmgc from propagation studies wliicli 
may provide an answer to the difficult 
proiilcm of detecting intercontinental 
ballistic missiles at great distances and 
altitudes, to research in new seini- 
coiiductor (transistor) materials and 

• Complex electronic ground enviton- 
menfs (systems), employing automatic 
data processing, computing, and amtrol 
tcchnmiics tor continental air defense 
(SAGE), overseas air defense, tactical 
air operations, and traffic control. 

In 10 years KRD has grown from a 
small research station into a full-fledged 
Air Research and Development Com- 
mand partner, responsible for some of 
the USAl'”s most important programs. 

Tlic explanation for ERD’s fast-ris- 
ing stature is simple. USAh' hopes for 
giant strides in militarv tcchnologv ride 
nn research, and electronic data proc- 
essing appears to be the only means 
for enabling humans to cope with the 
pace and complexity of nuclear warfare. 

ERD has specialized in both areas 
since it was created in 1945 as a 


J. Klass 

programs that promise to reshape the 
tontrol arc under wav at the Electronics 
Air Force Cambridge Research Cen- 
ad categories: 

'home" for scientists who wished to 
continue their wartime activities at the 
Massachu.sctts Institute of Technologv's 
Radiation Laboratory anti Harvard’s 
Radio Research Laboratorv. 
Super-System Center 
Air Force recognition of tlie im- 
portance of large "super-systems" led 
ARDC to set up Electronic Support- 
ing System Project Offices fESSPO). 
comparable to the \Vcapon Svstcni 
Project Offices (Y\’SPO), to manage 
tlicir development. 

Bcciiusc clcctionic data processing 
techniques form the heart of these sys- 
tems. ARDC has picked ERD to man- 
age many of tlic electronic ground en- 
vironment systems developments needed 
bv the Air Force, 

ERD’s first such assignment several 
years ago, was in connection with the 
development of SAGE, the most so- 
phisticated of the systems, 

Tlic Air Force need for complex 
'‘super-systems” stems from the fact 
that military aircraft speeds and com- 
bat areas have more tlian tripled since 


World War 11. The comljat area has 
far outstripped increases in radar |3Ct- 
foniiancc which is limited now to 
linc-of-sight range bv the curvature of 
the cartli. Whereas one or two radars 
could cover a complete aerial combat 
area in World W'ar 11, a network of 
such radars is required to meet niodctn 
rcquircmaits. 

Supersonic warfare will not tolerate 
a system which must rciv upon humim 
operators to read radar scopes, trans- 
mit vvliat thev see bv voice communi- 
cations, with more human operators 
plotting and integrating the data on .a 
central display, according to Lt. Col. 

II. Vance. Jr„ dcpiitv director for 
systems at ERD. 

Stale Situation 

Tills approach not onlv runs the 
risk of lunnan errors, hut it prevents 
an air commander from ever having a 
completely up-to-thc-second situation 
dispTav u])nn which to base hi.s deci- 
sions. T he time dclavs between differ- 
ent bits of data ate too variable. TTie 
plotted target position mav be 1 5 
minutes “old" while that of the inter- 
ceptors may only 1 5 seconds late. 

"The real advantage of integrated 
electronic supporting systems, employ- 
ing automatic data processing and 
transmission.” according to Vance, “is 
that it gives the true air sittuirion over 
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.1 Ijtgc enough atcii almost insfimtanc- 
ously— as it happens.” 

ERD’s Systems Project Office .ami 
Special Systems laiboratory are lian- 
dlitig tlic dmclopmeiBt uf a innnbct 
of such systems, includhig; 

• Tactical .'Vir Control System ITACS), 
a new mobile, air transportable s^tcni 
which will proridc base air defense, 
interdiction aiui close support capabili- 
ties for Tactical -Air Command opera- 

• Base Air Defense Ground Environ- 
ment (B.ADGE), for use at overseas air 
bases not equipped u’itb T.\CS. 

Dc\clo]micnt of the components for 
these svstems is being handled bv 
scs'cral laboratories, both in ERD and 
at other .ARDC centers. 

'Ilic air defense portion of TAGS 
and B.ADGE iniglit be termed a "little 
SAGE," although there are ser ctal im- 
portant differences. Because of their 
use merscas, they must be designed to 
be less susceptible to sabotage and 
battle damage. In addition, TAGS 
must be air transportable. 

Tactical Flexibility 

To give sufficient flexibilitv in tailor- 
ing individual TACS or B.ADGE sys- 
tems to particular tactical requirements, 
the basic building block equipments 
arc being dcsignetf to permit the con- 
struction of different svstem confignra- 

•A new T.ACS system being readied 
for production is designated T.ACS-II 
to distinguish it from an earlier system 
dcselopcd under Rome .Air Deseiop- 
meiit Center inanagcnient and to 
which ERD contributed. Management 
of T.ACS-II was transferred from 
RADC to Al’CRC last fall. R.ADC 
continues to be a hcasT contributor. 

TACS equipment is not set as small, 
light or mobile as the Tactical Ait 


Command would like. .Airborne cqiiip- 
nieiit iniiiiatcirization techniques may 
find their w-jv into ground-based equip- 
ment to gi\c it the desired size, weight 
and mobility, 

SAGE Focal Point 

ERD's Lincoln Project Office, 
headed by Lt. Col. R. S. LaMontagne, 
is .ARDCi's focal point for monitoring 
the actisitics of Lincoln Laboratory, 
nio.st of whose efforts are devoted to 
the development of the SAGE air de- 
fense svstem. This cosers a wide range 
of activities and includes: 

• Preparing for entry into US.Al' in- 
vciitorv of all Lincoln Laboratory proj- 
ects that shcAv promise, such as scatter 

addition to preparing specifications for 
prototspe models, the project olfice ad- 
sises the .Air Materiel Command on 
procurement of S.AGE equipment. 

• .Adsising weapon svstem contractors 
so as to assure compatibilits' and suit- 
abilits' of their weapons with S.AGE. 

• Developing test plans and programs 
for evaluating S.ACE’s cffccti'cncss. 

I,:iMmitagnc points out that the 
S.AGE tests arc a continuing effort aiul 
will include simulated strategic bomb- 
ing attack's. 

On July 1, the Lincoln Project Office 
was transferred from ERD to .ARDC 
Headquarters, 

Navigation Laboratory 

Bright hopes for sohing Common 
Svstem air traffic control problems can 
Ik found in the dewelopmaits at 
ERD's Navigation laboratory. Tiic 
laborators’s Ilieli Pcrfoniianee Control 
Center (IIPCCl goes into operation 
next spring at I't. Diiwcs (nc-ar Bostonl. 
It will be the most advanced traffic 

with nos’cl automatic and semi-auto- 



matic traffic control equipment. 

Headed by Benjamin E. Greene. Jr,, 
the assigned task is to catrv out US.Al’ 
research and dcvelopincnt in traffic 
control tcclniiques and equipment, as 
p;irt of the .Air I'orce 'CR.AC.AI.S 
( I raffic Control and lamding Systems) 
program. The laboratorv in cnllabota- 
tion with CA.A has taken on an .Air 
N'asigatiou De\elo|)iiient Board project 
to investigate methods for remoting 
SAGE. TACS and B.ADGE to work 
-Adniiinstration eontrn! centers. 

I he new HPCC will be tied in with 
SAGE. l ACS and BADGE to work 
out techniques for smooth control 
transition between the terminal area 
traffic control system and the tactical 
control ssstems. 

I he Boston area, will serse as a high- 
density control area, with HPCC con- 
trolling flight test aircraft met a 200 
mile radius and feeding them into a 
number of airports. Militarv aircraft 
will he controilcci first. The taboratory 
hopes to bring in commercial aircraft in 
later pliascs of the program. Out of 
this program will come new ideas for 
improving equipment and control tccli- 

Control Equipment 

Under development at the laboratory 
arc other automatic and semi-automatic 
equipment which could icsoliitiouize 
present traffic control procednres- 
Examples: 

• Enroiite Airspace Reservoir, ca|)ablc 
of storing a large nninbcr of flight plans 
for major airways, can be instantly in- 
tcrrogiitce! to see if a nets’ proposed 
flight plan conflicts with any portion 
of those on file. Display lights will 
show clear airsiwcc or conflict for in- 
dividual segments of the airway along 
the |jroposed mute, lire airspace 
Rcsersisor is being desclopcd by 'I’clc- 
register Corp., ttbich designed the air- 
line reservations Resen-isor. 

•M.-AMIE iMininmm .-Automatic Ma- 
chine for Interpolation and Extrapola- 
tion), is a gr(mnd-li,ised dead reckoning 
computer for keeping tab on the posi- 
tion of all aircr.ift, whether or not the 
area is under radar surveillance. 
M.AMIE will continuously emupnte 
position of each airplane under control 
from flight plan data stored in the cn- 
route airspace Rcsersisor. updating it 
with periodic position reports when the 
plane passes known fixes or is picked 
up by radar. Estimated positions of 
aircraft will be dis|ilaycd on a cathode 
ijy tribe, probablv by small circles 
whose diameters grlnv larger with time 
since la.st fix in order to sliow larger 
atfti of uneertainfv as to actual airplane 
position. M.AMIE is being desclopcd 
for air defense applirations as well as 
for TR.ACAI..S. 

• Automatic Data Routing System, 
aims to eliminate liuinan handling of 

AVIATION WEEK, August 6, 19S6 


aircraft flight data bcEvecn controllers 
at different centers or within the same 
center. Greene admits this objective 
is an "ambitious undcrt.iking." But a 
design study cxiiected to result In cx- 
periiiiciital equipment is now under 
wai at Cook Research Lihoratorics. 
Data that must now be written out on 
flight strip cards by c.icii controller who 
lutndlc' an airplane, would be "filed" 
initialli' in a eentral .storage drum. 
B.ised oil catli aircraft's flight plan, the 
equipment will determine wliat in- 
formation cjcli controller along the 
cliain of control requires, when he will 
need it and then transmits and displavs 
tills information at the appropriate 

Ihe automatic data routing system 
also will determine when control should 
be transferred from one section to an- 
otber. w ill notify each controller of the 
transfer and make a permanent record 
of the time when transfer occurred. 

• Radar Signal Enhancer intcgratc.s sne- 
ccssii’c r.idar pulses tlicrcbv increasing 
tlie useable automatic control range of 
radar by onc-tbird. Greene cmpbasi/cd 
that the A'idco Integrating Equipment, 
now being developed bv .Airborne In- 
struments Labor, itoH’ for dclivcrv this 
year, docs not increase the inaximiim 
tiicorcfic.it detection range of the radar, 
but does build up all signals whose am- 
plitude exceeds tile noi.se Icscl. 'Mie 
signal enhancing techniques are ap- 
plicable to all suncillancc radani, 
•'i'argct Track Substitute will assist 
the .uitoinatic tracking units now used 
ill A'olscan (.AX/GSN-s rcturn-to-basc 
computer). 71ic trackers have n ‘‘veloc- 
ity mcinory” which enables them to 
keep on proi iding data to the A'olscan 
computer despite loss of radar informa- 
tion on airplane iiosition. This icloc- 
ity niemory. however, assumes the air- 
plane continues to fly in the same 
direction as it was at the moment the 
radar echo was lost, alfliongh the plane 
may be cxpccfcd to fly a cursed path 
according to its A'olscan instructions. 
'Miis causes flic A'olscan computer to 
"tliink" the plane is not following in- 
striietions and to c-all for unneeded cor- 
rections. 'Ilie dniainic substitute tar- 
get being dciclopcd by the N'ewtem 
Co., will cause the ssntiietic target 
(during periods of loss of radar echo) 
to appear to be flying the heading and 
sclocity c-allcel for by a A'ol.scan, and 
iKiiig transmitted to the airplane, This 
w ill cUniinatc flic s|juriotis jiatli-vclocitv 
correction which A'olscan now com- 
putes during such r.id.ir-cclin-loss 
periods. It slioiild lielp the automatic 
tracker rc-acquire the target b\ increas- 
iug the jirobahility tliat the' tracking 
gate will lie centered on the airplane's 
cx|icctcd po.sitioii. 

• Automatic Voice Relay will auto- 
inatically relay A'olscan control instruc- 
tions to indic idual aircraft. 'I'hc device, 




400,000 DEGREE F temperatures have been .nehieved in experimeiibil set-up sbosvn. 



TACTICAL AIR CONTROL SYSTEM (TACS) is one of several under AFCRC cogniKiiicc. 
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COMMANDER 


AIR FORCE 


F jyoSE ADUOCflTE 


I 

A0JUT&N1 


COMPTROLUEB 



being designed and manufactured bv 
Conk Rescarcli Libotatotics, stores S5 
\oicc commands on a magnetic drum. 
Wlicn Volscan wants to transmit new 
eraitrol instructions to an airplane, it 
will be able to automatical))’ select tlie 
desired canned instructions from tbe 
magnetic drum, piece them together 
to form a complete message, and auto- 
inaticalh- transmit them by voice radio. 
To simplifv the addressing of these in- 
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structions. each aircraft conriiig under 
Volscan control would he assigned an 
arbitiars’ code such as "\\'hitc Three'' 
or "Red Two." h'rom pre-recorded 
standard instructions. Volscan might 
piece together a message like this: 
"Red Two. take heading 26S degrees. 

1 0 non f/’/'t " 


descend to 10.000 feet. 

The device will have a built- 
its srstem which enables it 
matically transmit immediately 




cmcrgcncs’ instructions or commands to 
aircraft which arc nearing the approach 
gate where more precise control is re- 
quired. In addition to eliminating 
human errors and assuring standardized 
control commands, the automatic voice 
link will permit one human rcla\’ moni- 
tor to replace the four operators now 
required to convert Volscan instruc- 
tions into \ oicc commands. Tlie equip- 
ment. to be delivered this summer, will 
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be tested with the neiv prototype Vol- 
scan unit now being esaluated at Ft. 
Danes. The Automatic Voice Rclav is 
based on techniques originated bv the 
Spwial Systems Laboratory which arc 
being applied in slightly different form 
to TAGS and BADGE, 

• High Quality Radar Rcinoting, under 
development by General Electric Co., 
will consist of a 2, 000-line, closed-loop, 
TV system. It will vievv a SAGE radar- 


scope with its fine-detail Clranictron 
tube presentation and displas' the same 
picture on three 27-incli 'I V'hpc tubes 
at remote traffic control centers. De- 
liver)- is scheduled for late tliis \ear. 
In addition tlie N'a\-igatiim laiburatory 
.sponsors a long range studi of more 
economical means for remoting SAGF, 
data. Tills Selective Data Transmission 
stiidv is under contraet to the Tcclnii- 
trol Engineering Co, 


• \’olscan Iniprovcineiits. Croslci' 
(which built the three production pro- 
totypes to the laboratory’s original 
design) lias a contract to dciclop auto- 
matic monitoring equipment for Vol- 
scan whicli will enable it to detect its 
own malfunction. Crosicy also is study- 
ing possible miniaturization of tlie Vol- 
scan svstem for greater air transport- 
ahilitv. 

As an adjunct to Volscan, a device 
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SE CUItKE.tTj-MlClIO»Mre 


PHILCO 

SBT’!^2N240 

HIGH SPEED SWITCHING TRANSISTOR 

with response time in 
millimicrosecond range 






FEATURES 

Low saturation resislonce 
Low soturotion voltage 


• Available now in production quantities 

Proven performance of the Philco Surface Barrier Tran- 
sistor has made it the basis for design of both military 
and commercial computers where speed and reliability 
are the major considerations. And now this transistor 
goes even farther ... fay giving reliable performance in 
20 megacycle switching circuits ! 

Make Philco your prime source of information 
for high speed computer transistor applications, 
rit* to Dept. AW, Lantdofo Tube Company Divition, lensdofe, Act. 
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is tinder clcvelopuKiit to cvpcdile the 
orderly fltnv of aircr.ift from a radius of 
120 miles into the 60-inile \'cilseiin 
control radius. Automatic trackers will 
be assigned to eacli aircr.ift cnteriiig 
tlic l20-uiilc radius. A cmu|niter uill 
calculate the cstiuiated arrital time for 
the iiirpliuic at tlie 60-inilc radius, dis- 
playing this KTA for ail aircraft by 
means of time markers arouiicl the ]>cri- 
pliers of tiic sunciliaucc radar scii))e. 
Tliis will give human controllers a 
visual indication of potential teniiiiial 
area congestion (AW May 2S. p. 6v). 
Iliis tr.ifBc flow computer will allow 
aircr.ift to take iiccessars- delays wliile 
tlicv are still at cruising altitudes and 
outside the crosvded fcniiinal area. 
The des'icc could control traffic flow 
into a terminal arci wliea' there ssas 
no Volscan installed. 

Most Ilf tlic actual liardwarc design 
is eoiitr.ictcd out. but tlic Xas igation 
Laboratory docs occasional prototijsc 
criiiipincnt design, as in the case of the 
original Volscan. 

Propagation Laboratory 

'ITic activities of tlic Propagation 
Lahoraton' aims at licttcr understand- 
ing ot tbc fuiidamcntal nicdiiim in 
which clectro-inagnctic radiation work.s 
and how its properties influence tlic 
performance uf ratlin and radar. 

Aliy defense against intercontincnt.i! 
ballistic missiles is dependent iiu tie- 
texitiug and tracking their patli tlituugli 
tiic ionosplicte at ranges far beyond 
tliose now possible uitli coinentioiial 
radar. Anotlicr problem is radio con- 
trol and cominnnication witli mir m\ii 
missiles during initial phases of their 
tr.ijectcm-. 

.Althougli sccuritv prci ciits Dr. Pliili]) 
Newinun. Iicad of the lalionitorv from 
getting too specific, hc nckiioi'itdgcs 
tliat some of tlic group’s most impor- 
tant propagation studies are directed 
touard '‘application to higii altitude, 
limg-rauge wciipoii svsteins." 

Newman say.s that "there are exciting 
possibilities and potentialities in some of 
our classified program areas." 

Three years ago when .Avt.viiON 
W'UEK intcrs'icwcd Or, Newman for its 
ARDC issue iic spoke wit1i smiilai 
guarded optimism alicmt the |3ossibilitics 
of scatter (bevoud-fhc-hcirizoul com- 
inunic.itions at higher frequencies prei i- 
ously thiiiigiit to he limited to linc-of- 
sight ranges (AW Aug. 17. l9iT. p. 
'08), Since then scatter eomimiuie.i- 
(ioiis has opened entirely new possibili- 
ties of long-range communications that 
arc alatii cly unaffected bi' atmospheric 
disturbances uhich disriijit Ilh' radio, 
tlic imh' proioiis loiig-riistancc eoiu- 
inunicatiinis technique. 

Scatter eommunicatiiins alrcadv is a 
S20 milliou a yc-ar business and slums 
promise of ,stroiig future growth. 'Ihc 
Air h'orcc alone has insbillcd S50 mil- 
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lion ivurtii of scatter coinmimications 
eqnipineut in the fat north. 

KRI7's Propagation Liberator)- is con- 
tinuing studies of the basic ineclianism 
tesjjousihle for scattering, generally 
credited to diffeicnccs in the index of 
refraction of adjoining lasers of tlic 
trnpiisplicrc and ionospliere. I'or in- 
stance, KRD set up a troposplierie scat- 
ter eoinniunicatious link n-itli tlircc 
.sites located approximately I if). 2>0 
and 400 miles tlistant in order to deter- 
mine the clfeets of refraction index on 
traiisiiiission over different path lengths, 

I lie index of refraction will be meas- 
ured by airl'oriie refractometers. 

Upper Air Propagation 

The ionos|jhcric and atmos|)liciic sec- 
tion, under Dr, |nlcs .\atoiis is iincsti- 
gatiiig a sariet)- of iirohiciiis iiivolsing 
propagation in tlic upper atmosphere. 

■ Wliistlers, a little-understood plic- 
nimieuon which produces lo«-freqiiciicv 
eiectrn-niagiictic wliistling signals. Tlic 
most accepted explanation is that 
uhistlers are created hi- a lightning 
flasii in one part of tlic cartii whicli 
sets up an eleetro-iiiagiietic disturb- 
ance wliich is reflected scicral hun- 
dred iiiiics into the ionospliere. 'Iho 
ciiergi then apparcntli travels along 
the c-.irtli's magnetic lines of force, hit- 
ting the cartii iiaif a licmisplicrc awai- 
and liounc-iiig liack and forth again 
along the lines of magnetic force. Tlic 
fact so weak ii signal c-an tr.iscl such 
trcmeiidoiis clist-anccs witlumt serious 
attenuation siiMcsts that the same 
iiiechaiiiMii might offer attractive means 
for long-ilistauc-c communications. 

• Radio astronomy, tlic stiidv of radio 
frequency "noise" generated hi celestial 
liodics aiid its pro|)agation through tlic 
ionosphere. Olijcctivcs arc to deter- 
mine flic mean index of troposplierie 
and ionospheric rcfrac-tioii an^ to gain 
more knowledge of the inlioinogcncih- 
of the ioiiosplicrc's structure. 


Moi. Gen. William M. Morgan, Com- 
mander, Air Force Cambridge Research 
Center . . . Director of Materiel, U, S. 
Europeon Commond Hdqtrs., from Octo- 
ber. 1953 until he took commond of 
AfCBC tote lost month . . . born Mor- 
sholl. Mo., 1903 . - . leorned to fly at 
March and Kelly Fields ... flew ex- 

sened with ‘’fifth Air Fo^rce and com- 
monded its 31Dth Bomb Wing and 13th 
AF's SSth Fighter Wing in World War 
II . . . attended Notional War College 
. . . commanded Ogden (Utah! Air Ma- 
teriel Areo . . . vice commonder West- 
ern Air Defense Force . . . commanded 
Western Air Procurement District from 
July, 1951 to October, 1953. 


• "Dawn Clionis," a scintillating type 
of noise from tlic iono.splicrc- whidi 
iKimialh occurs during intense mag- 
netic storms and strong auroral borealis 
activih-. 

Some of tlicsc rcscarcli programs are 
carried witliin KRD, otiicrs are con- 
tracted out to sncli rcscarcli organiza- 
tions a.s Stanford Rcseatcli Institute, 
and to nni'-crsitics. 

T he Propagation Liboratoiy’s ciirios- 
ih- about these and otiicr unexplained 
plicnonicna is cast- to understand: 
clcetro-magnctic radiation forms tlic 
iicn-ous system of modern warfare. 
Better kmiwlcdgc of tlic inecliaiiisnis 
bcliiiul .some of these new plicmnncna 
einild priiducc tcclmological iircak- 
thrnughs and make jxissiblc more effec- 
tive utilization of existing equipment 
and techniques. 

Communications Laboratory 

l-’.RlTs recently formed Conimuiii- 
catiom Lahoraton works sen chisels' 
with the Propagation laibor.itors be- 
cause of tile intimate relationship be- 
tween proixigailon kriowledgc and com- 
municatious equipment techniques. 
Thomas I-'. Rogers, chief of Coninnnii- 
cations Liboraton-. foriiictiv was the 
assistant head of tiic Pro|>agatinu Lib- 

\\Ttliiii tlic new labonitiirs- KRD 
centers a w ide saricts of activities, rang- 
ing from cnptograplis to digital com- 
miiiiicatious; from Il-T-' (ideutifiwtioii, 
friend nr foe) to \-arious types of s oice 
coininiinications. 

Despite appannt differences, all tlicsc 
activities liave mans- tilings in conmion. 
Rcliabilit)' and scciirits- (freedom from 
cnems' janiining or interception) arc 
major (ihjcctivcs for all tspes of coin- 
munications so that teeliniqncs dcsei- 
oped for one freqiicntlv find ap|jlica- 
tion in otiicrs. 

In tlic search for more coiiiiiiunica- 
tioiis clianncis in tlic congested radio 
spectrum, tlic Coiniminicatiniis Lib- 
oratory has been dcs-oting sizeable cf- 
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fort to ''compressed comimmications" 
"-in ss'liicli bpecch bnnclnitli is 
Mpitezcd donii prior to transmission. 
Ilcmcs'cr, Rogers .idmits tliat "«e are 
iiot no«' as close to effcetisc speeeii 
compression as we liad tlunigiit jjossiiile 
scseral veats ago," 

Hell I'cleplionc Laboratories lias de- 
voted sizeable efforts in tliis area be- 
cause of its ohs ions eoniinereial pas-off 
in the Bell Svstcmi. Despite speecli 
eoinprcssion for civil ]nirposes being 
inlicrcntls' easier because .signals can l>c 
tiansinitted by nire or inicrossas'c bnk 
with good signal-to-noisc ratios, and 
there being no cneim jamming to 
worn about. Hell scientists have not vet 
licked the jiroblcin, 

Rogers donlits uhether speech com- 
pression could be used, at least initialb. 
at the highest coinniand levels. (l''or 
instance, before General l.cMas were 
to launch an all-out retaliatory raid, 
be would want to get the order from 
a \ciiec that lie instanfh recognized as 
being one in authoiils. With speech 
compression, the loss of soiee natural- 
ness might make it difficult to make 
positive personal identification.) 

SSB and Scatter 

Single sideband techniques coupled 
with the new tto|)os|)heric scatter pro- 
jiagalion mode holds great promise for 
casing and impros ing llS/U'’ communi- 
cation.s. Because of its natrosscr band- 
width, and the fact that more useable 
power can be put into the single side- 
band. \ery high power transmission on 
SSB should jjrovide reliable rropo- 
sphcric scatter eoinmunications for dis- 
tance of at k-ust -too miles, Rogers be- 
liescs. lie predicts that high power 
Ulll' scatter techniques will form the 
backbone of USAl' communications. 

"Significant strides base Iwcii made 
in the past year or two in the area of 
more effective and .secure ll'h' equip- 
ment," Rogers told .\s i.siios \Vkok. 
In addition to the requirements for 
.sccuritv and leliabilits'. an Il'L ssstcin 
must be opcrationalh feasible. i con- 
sideration which affects the first two. 

Rogers is es-on more cryptic about an- 
other important phase of the Com- 
munication Laboratory activitics-cryp- 
tographv, 

Mfforts in this field arc directed to- 
ward descioping techniques for "se- 
cure" communications with special cm- 
ijhasis on flesibility. Research leans 
heavily on the most advanced matlic- 
inatieal techniques. 

nhs work requires men svitli strong 
nuithematies background and with 
“original and treatise minds." I’ro- 
fOFsionaily qualified people arc hard to 
find. Morcos'cr. thev inu.st be willing 
to work in the atmosphere of super- 
secrecy wliich cryptographs requires. 

Speaking of data link systems, Rogers 
says. “W'c must be able to communicate 
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'vith our interceptors until they gain 
airborne radar contact with the cnenn 
dc,S|)itc his hest countermeasiircs ef- 
fort." A sizeable portion of tlic Com- 
mimiaition laboratory 's efforts are innv 
devoted to this objective. 

Radar Laboratory 

.Another group deeply involved in 
seeking wjy.s to circumvent enemy 
emmtcr-mcasurcs is the Radar Lab- 
oratory, headed by J- i '. Bianco. Sescral 
\ears ago a studs to determine the sus- 
ceptibility of ,\ir Force radar to KCM 
pin|)ointcd a number of areas needing 
improvement- lliis ssrirk is being rar- 
ried out by the Radar laiboratorv as 
part of the Rome .Air Desclopnicnt 
Center radar progr.un. 

.AF'CRC's Radar Laboratory concen- 
trates on radar compements and teeb- 
niques. One way to make a radar less 
sulnetabie to cncins jamming is to in- 
crease its frcc|ncncy stability enabling 
it to discriminate between eclio rchirn.s 
to its own transmissions and tliose gen- 
erated l)s eneins' KCM. 

A 's0-'50 fold' increase in frequency 
stabilits lias rc-sulted from the use of 
higli-powcr klsstrons to replace magne- 
trons. Dc\cloi>cd under ,\1''CRC spon- 
sorship, the ness kivstrons are used in 
the Bcudix .AN/Kl’S-IS radar, with 
consequent improvement in anti-jam 
capabilits as well as in the |X'rfiinnance 
of M'M (tinning target indicator). 

.Altliougli imprmed frctpiency stabil- 
ity produces better Mil performance, 
present Mil teclmicjiies have been 
pushed to the point of diminishing rc- 
hinis and new approaches arc being 
imestigated. according to Joseph Clark, 
chief of tile laboratory’s components 
■ind teebniques section. 



OMNI antenna, 100-1,000 me. 


Another major effort is pointed to- 
ward the desclopnicnt of three-dimen- 
sional radars, a project which leans 
heas-ily on the activities of AFCRC's 
.\nteima l.abcitatorv. 

Antennas form the critical link be- 
tween radar-communications couip- 
iiicuts and the medium tlirtiugli sshicli 
their electro-magnetic radiation tniscls. 
'Iliis binds the activities of KRD's 
.\utcmia Lihorators closeh' to its 
Radar, Communications and Propaga- 
tion laiboratories. 

US-M'' is seeking ways to extend the 
r.mgc of its radars and to improve their 
definition. One was- to accom|jlisli both 
objectiics is to increase the size of the 
radar antenna. Sonic aiiteimas under 
design measure 100 feet. 

Rotating a huge antenna raises ine- 
chanieal design problems. 'Ilii.s has 
proi'idcd "trcmenelons inccntiie” to de- 
i'clo|) electronic scanning techniques 
which enable the antenna to remain 
stationarv. 

"M'c have discoicrcd how to scan 
an antenna beam by varying the rela- 
tive amplitude of the .signal at each 
radiator of an ,irtay while imimtaining 
it.s phase fixed." says R. E. Hiatt, chict 
of the laboratoti'. Previous electronic 
scanning techniques tried to vary the 
phase of the signal at eacli nidiator. a 
more difficult function to control. 

.Anothcr electronic scanning tech- 
nique. employed in a Hughes Aircraft- 
developed vD combinatirm smvcillaiice 
and licight finder radar, was originallv 
s|)onsorcd Iw .Al'CRC. It cinplois 
"frequency scainiiiig" in wliich varia- 
tion of tlic radar's transmitting fre- 
qucnci’ produces a shift in the phase of 
the signal at the antenna feeds, causing 
the beam to scan i crticallv. 

Ferrite Research 

-As part of its program for new an- 
tenna elements, materials .ind fccli- 
niqiies, the .Antenna laiboratorv spon- 
sors research and dcielo])nicnt at 
Hanard University in the field of fer- 
rites. 'Hieir |)ropertics are extremely 
useful in antenna design. Purer 
ferrites with more closch controlled 
properties. Hiatt cxjiccts can be used 
for amitbcr type of scanning. Because 
of ferrite's ability to shift tlic |)liasc of 
niicrowaie energy, it can lie placed .it 
key points along a multiple antenna 
feed to introduce a knonn iihasc shift. 
The inagnitude of this phase shift can 
he laricd by the application of ebang- 
ing magnetic fields to the ferrite phase 
shifters, to produce electronic scanning. 
Hiatt indicates. 

One objcctii'c is to dciclop ferrites 
with lower losses and capable of operat- 
ing at lower frequencies and higher 
powers. Hiatt belicscs that "Harsatd is 
making some of the best farites cur- 
rently available." 

To spread know-how through in- 
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dustrs', A1''CRC nnd Ilanjrd recently 
sponsored ii tliree-day syiii|)(isiiiiii on 
microwave properties and applications 
of ferrites. 

Tlie Antenna Laboraton- also lias 
been one of tbc pioneers in the dc- 
sekipinciit of printed iniciow-avc circuit 
tccliniques for making \vii\ e guides and 
microwave components. It currently 
is engaged in a coopcratiic program 
with Airborne Instriinicnts Laboratory, 
Sanders -Associates and otliers. 

KRD runs pattern tests on large 
ground radar antennas at its Ipswich 
(Mass.) .Antenna Range, A5 miles north- 
cast of Bedford, with smaller antennas 
Ircing tested at ningc facilities at Bed- 
ford- Radar reflection characteristics 
of new airframes and missiles are also 
measured in model ranges set up at 
Ipswich and Ilanscom Field. 
Communication Antennas 

.Application of an old tcclmiquc to 
ionospheric scatter coinmunicatioiis 
|3romiscs to ease a prcs iims handicap 
to the military usefiihicss of ionospheric 
scatter. Costb and large rhombic an- 
tennas. requiring a "lot of real estate" 
base been required for ionospheric 

Now it appears that this com- 
plex antenna can he replaced with a 
.small, rclatiselv incxpensisc antenna, 
consisting of two banks of four "A'agis,” 
each with fisc elements. 

-An installation at Al'CRC's Scitiiate 
(Mass.) test site is operating evperi- 
niciitally at me., using single side- 
hand soicc transmission oetween 
Scituatc and Cedar Rapids, Iowa, under 
contract with Collins Radio, To im- 
prove perfonnaiiee. space diversity is 
employed with two attavs located ap- 
proximately 625 feet (25 wavelengths) 

One recent development is a new 
tecliniquc for coupling a two-wire trans- 
mission ssstem to radiating dipoles, 
llie tcclniiqiie. applicable over the 
frequency range of 100 to 1,000 me., 
makes it possible to provide an omni- 
directional radiation pattern in azimuth 


while the pattern of vertical coverage 
can be set as desired by clianging coup- 
ling to individual dipole elements. 
Airborne Antennos 

Another niaior effort is devoted to 
airborne antennas (both aircraft and 
missile) for radar, electronic counter- 
measures. communication and naviga- 
tion. live pressure to come up with 
suitable flush antennas has grown with 
increases in aircraft and missile speeds, 
yet performance must not be eompro- 

Radar anfemtas. which inu.st be cap- 
able of generating a narrow scan-able 
beam, arc tlic most difficult to flusli 
into the airframe. Hiatt says. 

A ' pill-box" type of semi-flush radar 
antenna, developed by .AF'CRC, whicli 
uses a rotating feed and dielectric lens, 
is going into production for an nndis- 
chiscd missile or aircraft. However, 
newly discovered "surface wave" tv pcs 
show considerablv more promise, ac- 
cording to Waiter Rntniaii, one of the 
scientists in the Airborne Section. 

One surface wave type antenna con- 
sists of a series of metal or dielectric 
plates, wliose individual heights vary 
in wave fashion. W'hen microwave 
eiicrgv is fed in at one end of this cor- 
rugated surface it can produce a beam 
wliich radiated at an arbitraiy angle to 
the surface. 

-Another new technique wliicli holds 
promise for flush-tv-pe radar antennas 
is based on the "trough waveguide", 
developed bv .Airborne Instruments 
Laboraton’ using principles devised at 
AF'CRC- The technique has applica- 
tion to scanning antennas, broadband 
arravs. and delay lines. 

The basic device consists of an al- 
most conventional looking rectangular 
waveguide, except that one side has 
lx:cn left off and a small center fin 
added. The ttougli waveguide can he 
left open or capped to kce]3 oirt dust 
and moisture. Radiation from the oiren 
lop is prevented by tlie proper selection 
of the height of the sidewalls relative 
to the center vane. As ,i waveguide, it 
mav be operated over a frequency range 
three times its cutoff frequency^ com- 
pared to only a 2:1 range for conven- 
tional waveguide. 

If the height of the center fin is 
varied bv clectro-meelianical means, it 
can scan the radar beam. If vertical 
posts arc mounted atop the center fin, 
tlic device produces an effect some- 
what similar to that obtained in a cor- 
lugated (surface vs-avc) waveguide. .A 
varietv of other trough waveguide pos- 
sibilities and combinations currently 
are under studv, Rotinan said. 

.Although the Antenna Laboratory 
does considerable dcvclopinent and rc- 
scatcli itself, has approximately 50 out- 
side contractors. 

Asked alioiit Soviet capability in tivis 
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fifkl Ili.itt says that translations of 
Russian tccliiiif.il jimtiial articles on 
antennas, eicctro-niagnctic thcotv and 
diffraction ‘show tlicni to be extremely 
competent.” 

Computer Laboratory 

1 he AI'CRC electronic supporting 
system programs ( lACS, B.MJCJK, etc.) 
reii heavily on IsRH's Computer Lab- 
oratory. headed by T. .\. Kalin. The 
Labonitorv's actnitics can be divided 
into three broad, oserlapping areas: 

• System supi>ott for .'U'CRC’s major 
super-systems programs. 

• Technical development of new state- 
of-the-art and computer tecimirjucs. 

• Mathematical coin[iiitiiig scniccs for 
AFCRC. 

The application of digital computers 
to mobile, nn-the-firing-linc sistcms 
such as lACS has forced development 
of a rugged breed. The Liboratory 
recently took deliscry on the prototipc 
of such a computer, deielopcd h\' the 
Eckert-Mauclilcy Diiision of Sperry- 
Rand. It uses magnetic elements (fer- 
ractors) in place of almost all vacuum 

Elimination of tubes (except for the 
“clock" and magnetic drum rc-ad-iii. 
read-out amplifiers) results not onlv in 
a much smaller, more rugged computet, 
but greatly reduces pun ct consumption, 
heat dissipation and air conditioning 
requircinents. The new computer con- 
sumes onlv 6kw. 

It is a special purpose, binan-ccidcd 
decimal machine employing techniques 
iipplifjblc to TAGS .and B.\DGK and 
using 10-digit words (plus sign). It 
operates in serial fashion, eniplovs tuo- 
address commands, and has a inagnctic 
drum storage of 2,000 utirds. 'Hie 
computet, including console and power 
supplies, weighs 4.000 1h. AFCRC ex- 
pects to call for bids to build its T-ACS 
computer. |)rnhably late this summer 
following tests on the Eckert-Mauclilcy 

•M'CRC people feel quite strongly 
that thev cannot maintain technical 
competence and keep abtf.ist of new 
techniques without a considctahle 
amount of in-house resenreh. .•\n ex- 
cellent ex.imple of this pliilosophv in 
application is the .kutomatic Binan' 
Computer i.SBC) developed, designed 
and built here. 

Learning Computer ABC's 

The ,^BC has given lab |>ersonncl a 
first-hand knowledge of computer de- 
sign problems and alloucd them to trs 
out nc« ideas inexpciisiscly. 

I he .-\BC is a binan. piir.illcl ma- 
chine with floating Radix pioint. Word 
length is the equivalent of 12 decimal 
digits. Tlic machine employs four- 
address commands, has magnetic drum 
storage for 4.096 words, and a piinchcd- 
hipc input and output. Operators can 


"talk” to the machine dircctlv in 
decimal language. 

The Laboratory also has a Monroe 
■'Monrobot." a small digital computer 
which has done yeoman service for 
general purpose computation, according 
to Donald Sullivan, chief of the com- 
puter applications unit of the applied 
m.ithcinatirs scction- 
Proiect 'Small Change' 

I he design of a ncu- digital computer 
generally is a long, tiiiie-consuining 
|)roccss. particularly if it must be cou; 
tracted outside. (The neu’ Eckert- 
Maiiclilcs machine required about two 
years.) To cut both time and expense, 
the r.ab<>rator\'’s techniques section 
launched its Project ''Small Change’ — 
a program to design about a dozen 
standard coinpiiter circuits (pulse ampli- 
fiers. flip-flops, pulse generators, gates, 
etc.) on convenient plug-in printed 
circuit boards. \\'ifh tlicsc basic build- 
ing blocks, the Laboratory figures it 
can put together a computer quicklv to 
prose or dispros e a new idea. 

These building blocks have imder- 
goiic prototype cs'aliiation and now arc 
being produced bv a contractor. 
•M 'CRC expects the units to help speed 
design of industry's experimental com- 

Anothcr section activity is sponsor- 
ship of .sh.ife of the art dcsclopmcnts 
in computer components. It has a pro- 
gram at Philco Corp. aimed at applving 
nesv silicon surface alloy transistors to 
computer eircuits- 

'llic Laboratorv’s airborne data pro- 
cc«iiig section dci’otcs its effort prima- 
rily to miniatnrir.ed packaging tech- 
niques for airborne and ground avionic 
circuitry. 

Components & Techniques 

In contrast to other ERD labs, 
uhich work in rather specialized areas, 
the Components and Techniques Lab- 
oratori’ has a 'arictv of important pro- 
grams which encompass many arts, 
including chciiiistiv, pliisics. optics, 
electronics, and combinations of these. 
Its chief is Dr. E. ^\^ Samson. 

I'lic semiconductor electronics sec- 
tion, under Charles Rvaii. is doing re- 
search on semiconductor materials, 
processing techniques, and nc«' semi- 
conductor devices- For example; 

• Silicon carbide, the most promising 
new material for extrcmclv high tem- 
perature transistors-perliaps capable of 
operating at temperatures of vOO- 
!.000C-is under intensive investiga- 
tion. (Present silicon transistors have a 
top temperature limit of less than 
^nOC.l Difficult problems must be 
solved before silicon carbide becomes a 
jjractic-.il semiconductor material. It is 
difficult to grow in the required mono- 
crvstaline structure. cc|ually tough to 
process because of the high tempera- 
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THESE SYMBOLS HAVE A LOT IN COMMON 

They represent organizatioris engaged in the tech- 
nical race against time wholly in the Nation’s vital 
interest. 

Ac Otis Electronic Division, RESEARCH AND 
DEVELOPMENT have been accomplished for all 
the major Services delving into problem areas 
involving; 


Top-flighi engineers are bmlding 
lifetime careers at OTIS, the 103- 
year world leader. Investigate the 
ivonderfal opportunities for your- 
self — Write to the Personnel 
Director. 


Ground Suppert and Checkout Equipment 
- Enemy Countermea<ure< 

• General Cemmunicalioni Equipment 
If you have a problem relating to any of the above, 
we would welcome the opportunity to discuss it 


i 


fill out the coupon 
for our 32’page com- 
prehensive, illustrated 
report on our fully 
integrated facilities. 
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turcs (2.600C) requited, end so lierd 
it can be cut only with diamonds. 
Based on previous work with silicon, 
the section has some interesting ideas 
on how to grow silicon carbide ciysbiis- 

• Negative resistance diode, a now junc- 
tion-typo germanium diode developed 
here, may greatly reduce the number 
of components required in a computer 
flip-flop circuit cmploving tub« or 
transistors- The device operates at ex- 
tremelv high frequencies in the range of 
50-75 me. 

It resembles a point-contact diode, 
has the advantage of providing power 
gain. ERD also has made experimental 
negative resistance diodes out of silicon 
and germanium— silicon allovs. 

• Semiconductor surface effects, now 
recognized as plas’ing a criticalh' im- 
portant role in transistor-diode per- 
formance and life. Rvan calls surface 
effects ‘'the least understood aspect of 
semiconductors, both thcorcticalh' and 
experimentally, particularly at high 
temperatures-’’ 

Under AI'CRC sponsorship, a Brown 
Unisersih's professor has developed a 
new technique for cleaning semicon- 
ductor surfaces. Tlic material is placed 
in a vacuum at a high negative poten- 
tial and bombarded with positive ions. 
Another technique, studied bv 
,M''CRC's Lt. William Spencer, places 
the .semiconductor material at a posi- 
tisc potential in a sacuum and bom- 
bards its surface ss’ith electrons. 
Radiochemistry 

Hie work of radiochemistn' .scctioir 
under Dr. Clarence Turner, will he 
partie responsible for improsed silicon 
materials. Much of its work fs der oted 
to the semiconductor electronics sec- 
tion’s problems. Turner’s group lia.s 
developed a novel refining technique 
which boo.sts the puritv of .silicon tetra- 
iodidc, removing contaminating impuri- 
ties, such as boron which previously 
could not be separated out. 

Before the radioclrcmistrv section 
could solve the silicon puritv problem, 
it had to develop new techniques for 
measuring purity. Tlic degree sought 
exceeded the eapahility of spcctograpliie 
techniques, which can detect tmlv one 
part impurity in 10 million parts of 
silicon- AECRC ha.s developed a 
neutron activation analysis technique 
whicli enables it to measure with sev- 
eral orders of magnitude greater 
sensitivitv. 

Although Tiinrcr was reluctant to 
give firm figures on purity improve- 
ment. lie said it should be passible to 
obtain a 50 per cent increase in le- 
sistivih, or 500 ohm centimeters com- 
pared to the present 200 ohm cm. 

llie section expects to fake on a new 
project to niwsiirc the effect of radia- 
tion and liigh tempeniture on electronic 
components. 


Al'CRC’s electro-optical section has 
achieved temperatures well over -iOO.- 
000 degrees Eahrcnlicit. producing a 
brightness 700 times gre.iter than that 
at the surface of the sun. 'Ilie methods 
for achieving such temperatures, and 
techniques for measuring them, were 
developed by Dr. Heinz I'isclier. chief 
of the section, in connection with a 
classified program- Dr. Fischer is one of 
several cx-Gcmian scientists now em- 
ployed at AI'CRC. 

'Ihe temperature exists for less than 
a millionth of a second. It is achieved 
bv the release of electrical energy into 
a very small volume of inert gas under 
liigh pressure. 

Dr. Fischer's group also recently 
completed a stuclv of scintillations of 
star light caused by tropopause tur- 
bulence which has y ielded valuable in- 
formation on the noise spectrum of 
the stars. Tliis in turn has resulted in 
a new technique which .M-'CRC's 
Ccophysics Directorate intends to use 
to measure the velocity and direction 
of upper air winds. 

Two contractual efforts by this sec- 
tion liave rccentlv resulted in important 
technological advances. "EVA", pro- 
duced hv Baird Associates, is a device 
which fonns a heat image of areas hav- 
ing as little as one degree Centigrade 
temperatute differential. The second 
development is an image conv erter tube 
capable of prc-intcnsifving diinlv lit 
images, enabling them to be seen in 
darkness. 

Mag netics 

The Laboratory's magnetic section, 
headed by William F‘ields. is develop- 
ing both improved materials and mag- 
netic dcvfecs. 'I'hc materials program is 
pointed toward techniques for growing 
ferrite cnsfals and their use in mag- 
netic devices, ^^■ork aimed at improved 
high-power pulse transformers ha.s re- 
sulted in a 10 to 1 size reduction for 
certain applications. 

'r’hc electron tube section has a large 
contractural and small in-house effort 
devoted to improving tube performance 
and developing special purpose tubes. 
One example is a new cathode rav tube 
which accepts information (inputs) in 
Clartesian coordinates, then coiiv-crts 
and displays them in polar coordinates. 

ERD'.s director. Dr. L. M, llollings- 
vvorfh. asked what his most |jrcssing 
needs were, said; "We’d like a radar 
with limitless range, that weighs noth- 
ing and occupies no spvicc, \Vc’d like 
to be able to communicitc with anv 
one. anywhere on tlie earth, without 
enemy interception or jamming. But 
we’d like to be able to both intercept 
and jam the enemy's eomnninications.” 

Scientists arc not rcadv to concede 
that anything is impossible— given .suffi- 
cient time, manpower and money tor 
research. 



ion 

meters 


TRANSDUCERS 

for 

ABSOLUTE, DIFFERENTIAL c 
GAGE PRESSURES 






or guidance, control end 
telemetry of missiles 
and piloted aircraft 



! Electro-mechanical instrumentation 

for aircroft ond missiles, iv 
and for Industry 


AVIATION 


247 


for fast engineering, development and production 


a separate Sperry division 

devoted to 
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Oul Of its many years of pioneering and managing major 
electronics systems. Sperry is keenly aware of the critical role 
that sub-systems and support equipment play in the testing, eviilii- 
aiioii and perjormance moniioring of modern weapons systems. 
Now— with emphasis upon faster and more extensive service 
to the customer — Sperry has organized its broad activity in this 
area into a streamlined team of specialists. It is the Microwave 
Electronics Division. 

This team is a large and experienced one, resourceful 
engineers with inventive, systems knowledge supported by skilled 
technicians and craftsmen to convert ideas quickly into pilot 
models or quantities of hardware. Development, environmental 
and materials laboratories plus standards specialists combine their 
tools and talents to a.ssure that items ranging from components to 
consoles will perform with certainty in operational use. 

In addition to its widely-known Microline* test equipment, the 
new division is expanding its contributions to the military and 
industry with advanced weapon support systems, antennas and 
a broad line of precision components. 

Emphasis is being placed too upon new instrumentation 
and standards for advanced research laboratories, special radar 
systems, target simulators, computers and evaluators for radar, 
electronic, missile and inertia! guidance systems. 

A proven key to the division's ability to solve new develop- 
mental problems rapidly is the efficient combination of engineer- 
ing and development laboratories and shops. Each engineering 
group is supported by a development laboratory staffed with expe- 
rienced technicians. Engineers work closely with machinists and 
assemblers to deliver pilot models on minimum schedules. 

For quantity production, a complete manufacturing unit has 
specialized faeiiities to supply microwave products ranging from 



complex waveguide assemblies to complete racks of electronic 
equipment. 

Military agencies or industrial companies concerned with any 
phase of electronic systems and sub-systcm.s or the testing of such 
equipment can prolit from employing these Sperry capabilities 
especially organized to speed up important projects and assure 
their success. 

Write us lor information about equipment now available or 
for propo.sals on new dcvclopmcnls- 
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Rome Modernizes USAF Communications 


Gnfnss At B, N. i .—Rome Aii Dev elopment Center will soon launch the 
development of a large, comples electremic supporting system, signaling an 
all-out attack on one of the US.AF's most pressing problems— comnmnications. 
Air Force operations currently arc handicapped by a communications system 
wliicli has not kept pace with its iucrcHScd global icspoiisibilities and the 
pace of supetsonic-miclear warfare. 

Ihe new program aims to integrate and expand USAF’s eommimieations 


lifelines into a speedy, more efficient w( 
present and anticipated future needs. 

R.\DC is regrauping its liibnriitorics 
and ijcisonnei for the new svstems ap- 
prnacli to tlie comnnmicatioiis prolileoi 
and to liaiidle anotlicr important assign- 
ment— dcvcioping the clectmnie ground 
environment for defense ag-ainst tlve 
intercontinental ballistic missile (anti- 
ICBM). 

Two New Groups 

RADC lias formed hvo new groups 
from its former Directorate of Elcc- 
trooics; 

• Directoiate of Commuiiitatioiis, con- 
sisting of three laboratories; Svstems, 
l''i|uipmciit, and Advanced Develop- 

• Directorate of Control & Guidance, 
also consisting of three laboratories; 
Control. Radar, and Missile Support. 

'J'wo other vital US.^k’ missions arc 


irld-wide network capable of meeting 

assigned to R.\DC's Director.ite of In- 
telligence and KIcetronic Warfare. It 
is responsible for developing; 

■ Electronic data processing tecliiiiqncs 
for storing and utilizing all tyijes of in- 
telligence data. 

• Ground-based coniilcroieasnres equip- 
ment for detecting, intercepting, jam- 
ming and/or deceiving enemv radar- 

This directorate, and tlie tlirce otli- 
ers vvliich provide important supporting 
senices for RADC’s mission, arc not 
affected by tlie newer organization. 'I he 
supporting directorates arc; 

• 'I'echnical Services, consisting of the 
Homan l''actors. General Engineering, 
and Test Facilities Laboratories and tlie 
Engineering Services Branch, 

• Fliglit Test and Iiistnimciitatioii. 

• Procurement (rcseareli and dcvelop- 


mciit procurement only are handled). 

Communieiitions, tlie oldest of the 
electronic arts, has not received the 
scieiitifie effort devoted to its more 
gl;iiiuiroiis off-spring, siieli as radar, di- 
gital computers and servo tneclianisnis. 
.\s a result, lusie cinnimmie.itions tctli- 
niqiies ;md approadies used todav differ 
rchitivelv littE from those of l'5 vc-.irs 
ago. 

"Me need an imaginative appro;ich 
to tlie basic ptoiiltin of commimic;i- 
tioiis," llarrv- Davis, lUDC's Techni- 
cal Director, said, lie suggests that 
multiplexing (time-shiiring) of messages 
on a vside-band cliamiel might permit 
more efficient use of congested radio 
spectrum than the long-used technique 
of priv;ite-line, mirrosv b;md-\sidt!i 
duiimels. 

Global Network 

Tlie growth of overseas liases, urgent 
needs of the Strategic, Tactical, ;md Air 
Defense Comnomds, umpled vvitli tlie 
r.ipid biiild-up of far-flung r.idar net- 
works has sliatpiv increased the demands 
placed u]X)ii US.\F coninumieations 
facilities. Wliile tlicsc liaie been ex- 
panded. sudi exjxinsion iisnallv iias been 
on ;i piecemeal liasis to meet the jiress- 
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MINICARO (left) stoics lip to 12 pages of printed matter (right). Binary code (along left border) automatically locates desired data. 



STORAGE SPACE is slashed by 1, 000:1. MACHINE SCANS Minieatd him strips to aiitomjtieally sort out required data. 


ing demands of tlie inomeiit. 

As a result no single command li.vs 
what it considers to be sufficient com- 
munications capabilitv. (Xearlv 7s- 
S0% of all available channels in US,^F‘s 
global cammuniaitions svstein fte- 
qucnfly are tied up just in filling the 
mininiiim needs of S.^C's routine train- 
ing missions, a US.M'' spokesman told a 
recent meeting of llie Institute of R.idio 
Engineers.! 

kV'lial US.M'' wants and needs is a 
global network of teleplume, teletype, 
radio, and facsimile facilities capable of 
incctiiig both tlie dav-tc-dav and emer- 
gency needs of its manv different com- 
mands and one which makes efficient 
use of its facilities. 

All US.'kF bases here and abroad 
must be linked and tlvcre inusl be 
automatic routing to find the quickest 
available coniniunications path to anv 
destination, 'nierc slioiild be an mito- 
inatic priority system which will store 


temporarily a routine teletype message 
to free a circuit for a more urgent one. 

Equally ini|)Ortaiit, the .system sliould 
be constnicted from standardized equip- 
ment building blocks, in the pattern of 
the Bell System. 

On the need for standardized equip- 
ment, A. j. Beuueliamp said; "We want 
a common 'glue pof into wiiich 
WcaiJons System Pnijcct Offices and 
Electronic Supporting System I’rojcet 
Offices can dij) and come np vvitli the 
elements to tic their sy.steins togetlicr." 
Beauchamp is in the Coniniunications 
Branch, R.ADC Technical Operations. 
Bell Conducting Study 

llic .Mr h'lircc is asking for a system 
that will blanket an area roughiv six 
times tliat of the Bell System. It wants 
a lO.OOO-mi. trunk line whose reliabil- 
ity at least ec|uals tliat of the present 
.^.T.&r. transcontinental line, Bc.nu- 
chanip said. 


Tlie trunkline system mii't nperate 
in a "liostile’’ environment (subject to 
comiternieasures), a problem tlie Boi 
System does not have. 

To handle a program of this magni- 
tude and complexity, the weapon svstcni 
nianagemciit jjattem nf contraefnr selec- 
tion will he used. RADC lias contracted 
witi) Bell T'clcphoiie Laboratories for 
studies on certain aspects of its eom- 
municatinns probiems. Other current 
investigations include the systems and 
equipment of other nnlitary strv ices and 
tlic problems involving spectrum .illo- 

Within a short time R.\DC hopes to 
h.ivc its prcliiiiinary system plans dravm 
and approved, at which time detailed 
information will he made available bv 
tlie center to interested and qualified 
contractors. 

Recognizing that fulfillment of such 
icquircments is a long-term projeet, 
industry may be asked for intcr- 
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MOTOROLA 


MICROWAVE 

AIRLIFT... 


Transportable Packages Grow 

into Miles of Communications in 2 Hours 

A microwave siaiion ihac can fje transported to a site 
by helicopter and then put into operation in as little 
as two hours has been developed iiy Motorola for the 
U.S, Air Force, The equipment was designed to satisfy 
Air Force requirements for high information handling 
capacity, transportability, and quick installation. 
Positions open for Engineers anil Physicists. 


254 


in solution proiwsiils for improving the 
cfFcctiscncss or existing equipments. 
Communications Directorate 

The next Coiiiinunications Director- 
ate nil] consist of the old Cominimicu- 
tioiis Liiboratoiy plus several sections 
from other laboratories. For example, 
the Data Transmission (data linki Sec- 
tion (if the old .\iixiliary Kquipment 
laibor.itorv now becomes part of the 
Communications Dircctotate'.s .\d- 
vanced Development Laboratory 

Ihc -\dsanccd Dcsclopment laib, 
headed bv O. D. Goldberg, will spun- 
,sor research and dcrclopment in com- 
munications tedniiques. This will in- 
clude .\uroral Zone communications, 
meteoric scatter, synchronous detection 
(a new technique uhich may compete 
with single sidchandt. multiplex svstem 
studies, anti-jamming techniques, and 
automatic priorits' assignmait ssstems. 

I'hc lab’s activities also will include 
techniques for special facsimilic, crypto- 
graphic and security ssstems. automatic 
correction systems for teletype trans- 
mission. and high-speed printing and 
scanning. 

Equipment & Systems 

.^|)plication of these new techniques 
to specific equipment— microwave, 

single sideband, scatter communications 
(l)otii fixed and mobile)— will be tlic 
a'sponsibilitv of the new Equipment 
Laboratory, headed bv Donald L. Dakin. 
Other equipment projects will include 
remote radio control, teletype and tele- 
phone switching equipment. 

llie new S> stems larboratorv’.s m.ijor 
task will be monitoring dcselopment 
of the new global communications pro- 
gram. Charles Strom Jr., will head this 
lab. Mo.st of its work will be on paper, 
analyzing system requirements and de- 
sign, making sure that equipment, and 
techniques developed by its sister labs 
are put to good use. It also will analvzc 
requirements and design specialized 
coimnunications systems for iirtelli- 
gcucc. missiles, tactical countermeas- 
ures, and material data handling sr stems 
for logistic purposes. 

The overall Coimnunications Direc- 
torate will be headed by Col. Daniel M. 
Harvey. Joseph N'ogelman, formcriv 
chief of the Electronic Warfare Lab', 
has been named deputy dia-ctor. 
Electronic Warfare 

US.\l'”s major effort in ground-based 
electronic warfare, for deceiving and/or 
jamming .m enemy ’s radar and. if pos- 
sible. intercc|)ting Iris coinnntnica- 
tions. is concentrated in R,\DC’s F.lec- 
Ironic Warfare Laboratorv in the 
Directorate of hitclligciicc and Elec- 
tronic W’arfarc. Lt. Col. Robert J. 
Thompson is cirief of tire new electronic 
warfare laboraton-. 

Electronic warfare is a never-ending 



PRECISION PHASEMETER 


0.1° ABSOLUTE ACCURACY 

0 . 01 ° incremental accuracy 

• 

30 to 20,000 cycles per second 

0 to 360° phase range 

• 

10-megohm input impedance 
(shunted by 25 At,uf) 



Outfuf cenneetlsii Ur 
itrip-ehort recorder. 
Seir.eofttalned power 
supply for I0S.I25 volts, 
50-40 cycles. 
Adopfable U standard 


The New Maxson Model 901 Precision 
Pha.scmeter is a direct-reading eleclnuiic inslru* 
mcnl adaptable to a wide variety of demanding 
measurement applications in computers, synchros, 
and amplifiers. 

The instrument measures phase difference 
between two sinusoidal voltages; phase angles are 
read from a two-degree, step control with vernier 
Indirator having a precision of 0.01°. Built-in 
sensing provides direct reading of proper quad- 
rant, Accuracy is independent of even harmonics 
and of third harmonics up to 1%, Input-level 
range is from 0.5 to 10 volts rms. 
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lace against time and the enemy’s in- 
genuity. "Any radar or radio ccimintini- 
cations can be jammed, given sufficient 
effort and time," Vogclman s>iid. \Micn 
successful countermeasures are dc^•e^ 
oped, tlic enemy redesigns his radio/ 
radar to make it less vulnerable. This in 
turn rcrjuircs a redesign of the counter- 
measures csjiiipment. "Thus the enemy 
decides what we must deselop in elec- 
tronic countermeasures (ECM)’’, Vogel- 
iiian said. 

To pros’idc tire Air Force with a 
"Quick Reaction Capabilih’” (QRC) 
in countcrmensurcs, the Electronic 
Warfare Lab lias built up its capabilitv 
to develop, design and fabricate nesv 
KCM on short notice. 

lliis work is done bv the Product 
Dcielopment Branch, Iieaded b;' Sam- 
uel Beane. It recently designed and 
Isuilt in file months a portable dci-icc 
for the Air Defense Command ii'liicli 
quickiv enables it to Icxrate the sonree 
of interference to its radars. R,\DC 
mai build up three QRC models; if 
more arc requited tliey arc contracted 
outside. 

1(1 further incraisc its QRC in this 
field. RADC has three "call-tipe'' con- 
tracts with outside firms. 'I'liis enables 
R.'\DC to order KCM hardware cjr re- 
search on these existing contracts with- 
out the delay of negotiating a new 
contract for even' requirement, 

ECM War Games 

Elements of strategy and tlicorv of 
games play a |)rominent part in dciis- 
mg new electronic iiatfare techniques, 
N'ogelman said, l or this reason tlie EW 
Lab lias an .\ppticd Research and 
-\nalisis Branch which plais ECM war 
games in an effort to figure out liow 
to counter cnemi- efforts to counter 
our oivn ECM— a qiiestiun of countcr- 

l liis section also seeks basicallv new 
ECM tccliiiiqucs, such as a recentiv 
developed "continuous look-through” 
technique which pcniiits simultjiieoiis 
reception and tran.smis.sion mi the same 
frequency. .Mthough Vogclman would 
not elaborate on possible applications, 
the novel technique might be used to 
siimilbneously intercept and jam an 
enemy’s communications. 

The radio spectrum seems far too 
nanoiv ivheii engineers seek new clian- 
nds. but it appears trcmciidouslv broad 
to the ECM designer. To blanket the 
spectrum a number of ECM equip- 
ments arc nccdcTl, and this places a 
prcinitiin on miniaturization— piirticu- 
larly for mobile installations. 

llie .-Applied Research dr Analvsis 
Btancli devote some of its effort to 
dciisiiig new miniaturization tech- 
niques. One novel example is a new 
filter package smaller than a human 
fist which permits instant frequency 
analysis of an unknown cncniy signal. 


flavwood W'cbb is the Branch chief. 

Prototype ECM hardware develop- 
ment is the tesponsibility of tlic Coun- 
termeasures &■ Deception, or Detection 
& Eialuation Branches, depending on 
the type of equipment involved. 'I'lie 
two groups are headed by Ining 
Eitches and Robert Stevens. Iliis pto- 
lotipc equipment may incorporate ideas 
conceived under the .Applied Rcscarcli 
& .Analysis Braiieli, or geiictatcd ivithiii 
the prototype equipment sections. 

Tlic Detection &• Evaluation Branch, 
lor instance, lias developed a sigiiai 
analvsis deiicc wliicli makes it possible 
to ’’decipher’’ automaticalli and break 
down an enemy signal into its com- 
po.sitc frequencies. Amithcr device auto- 
matically detcniiincb the pulse width 
of an enemi' radar. 

ECM Testing Grounds 

l''acilitics for testing all experimental 
and prototipe ,\ir Eotcc ECM, both 
gnimid-lia.scd and airborne, ate located 
at two sites near R.\DC and operated 
bi the E\\’ Dib’.s I'.ngineeriiig-Opcra 
tional l‘haliiaciiin Brancli, licadcd by 
Samuel Zaccari. Here RADC cliccks 
the cffcctivcnc.ss of its ground-based 
.Hid aitliome ECM, It also tests the vul- 
iierabiliti of US.\P' ground radars to 
grimnd and airborne jamming equip- 

Tile two sites arc outfited with al- 
most escri' tape of radar and communi- 
ciilions exjuipment in the pist and 
present US.\I'’ inieiitoir. 

Tlic last of the K\\' Lab’s six 
branches, culled Systems and Equip- 
ment Engineering, is responsible for 
till’ design of integrated electronic war- 
fare s\ stems from the equipment dc- 
I'cloped under the two "hardware’’ 
sections. Mr. .Abraham Taneiiluius is 
branch chief. These sistcnis include 
equipment for acquisition and analysis 
Ilf ciicmv electromagnetic radiation and 
for necessarv cmniter-actioii. 

The sistcnis usually are not made 
fulh automatic because human judge- 
ment must enter the picture. I'or cx- 
am|)lc, US.M'’ lias ground-based ECM 
systaiis which can select automatically 
the proper frequency and pulse rate 
required to jam an enemy bomber's 
airbonic radar. But whether to turn on 
sucli equipment requites human judge- 
ment. T'uriiiiig it on automatically alerts 
the encnii boinbcr, possiblv prompting 
it to take ciasisc action. Judgement 
might dictate letting him continue his 
present path into a nest of nearby 
intcrcLptots or anti-aircraft missiles. 

Intelligence Laboratory 

The need for collccfing intelligence 
data about an enemy is practically as 
old as w-.irf.Trc itself. But the pace of 
nuclear warfare fouglit at supersonic 
speeds has badly outmoded previous 
tccliiiiqucs for reducing, analyzing, 
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up is as high as it’s necessary to go . . . when somebody calls the turn upstairs! 

And down here, we’re in trouble . . . unless the complex electronic equipment 
that protects and guides our military aircraft is unfailing. That’s why 
superiority of product is a way of life at Hallicrafters . . . why the Hallicrafters 
Company has been a leader in the field of electronics for more than 20 years. 

Today, Hallicrafters maintains a separate division devoted exclusively to the 
research . . . development . . . and production of superior electronic 
equipment for military use. A team of the finest engineers available ... the most 
advanced laboratory and equipment ... as well as extensive model shop 
and production facilities stand ready to serve you, now! 

Call on us. Hallicrafters can help solve any complex electronic problem you may have. 

hallicrafters 

4401 West Fifth Ave., Chicaio 24, III. 

The Hallicrafters Company is Experienced and Active in: 

Guided Miesile Control Equipment • Communications Equipment • Countermeasures 
Equipment • Mobile and Fixed Radio and Teletype Stations • Micro IVnre Equipment • Radio 
Relay Systems • Portable Communications » Airborne Radar • Loran and Navigational Aids 
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storing, and recalling Hie vast amounts 
of intelligence data needed. 

Recognizing this and the fact that 
recently descloped electronic data pioc- 
tssing techniques iniglit offer solutions 
led to tlic fonnaliini of the Intelligence 
Laboratory .ihcuit n year ago. ll is 
headed h\ Richard Libby. 

liioadly stilted, tlic Laboratim's ob- 
jective is to iippK existing electronic 
datii processing tecluiiqucs. or develop 
lieu- ones. Last July 1. two sections 
were transferred from Wright Air l')c- 
vclopinent Center to roimd-out R.AOC's 
Laboratory. One will handle interpre- 
tation of aerial photos, the other chart 
and map iinikiiig. 

Because of the highly classified nalittc 
of intelligence, mam of this laboratory ’s 
projects arc under wraps. But because 
business and industrv lun c similar prob- 
lems of information luuidling. Mime 
Iccliniqiics pioneered here undoubtedly 
will find tlicir way into uncliissified use. 
Minieard 

\ good example is the Minieard sys- 
tem, a "squeezed down" automatic li- 
brary developed by Kastman Kodak Co. 
under sponsorship of the Laboratorv’s 
Inteiligciicc Production Branch, lieadcd 
b\ Robert Sampson, .Minieard pennifs 
a'l.OOO to I reduction in tlie space re- 
quired to store information. Isvcn more 
important, it automatically searches its 
library and extracts data sought by its 
hiiniaii operator. 

Minieard is a novel combination of 
microfilm and punclicd-card sorting 
techniques. It uses a film strip measur- 
ing li X I in, (i5 X 16 min.). .Along 
one edge is printed a binary code which 
sers'cs as an index. Up to 12 pages of 
printed material and'or pliotos can be 
stored on one film, depending cm the 
amount of indexing required. 

A thin slit along the coded edge |)cr- 
mits it to be mounted, with hundred.s 
of otiicr strips, on a metal "skesser''. 
When one skewer of film strips is 
placed on an automatic inacliiiie descl- 
oped by Kastman, tlie indisidiial film 
strips are aiitonuticallv rcinosed and 
scanned by photoelectric tediniques to 
sort out desired infomiaticm, nincli 
llieii is s iesved like microfilm or repro- 

Indexing Problems 

Despite its speed and dexteritv. Mini- 
card is no Iretter tlian the indexing sss- 
tcni used, according to Maj. II. K. 
M'icnbcrg. chief of the laiboiators's Op- 
erational Planning Braiieli, 1 his is a 
basic problem in storing tlic wist 
anioimt of information collected- 

Oiils luimaiis can read tlic informa- 
tion and decide liow it slioiild be classi- 
fied and indexed. 'I'his usuallv causes 
tlic classification to reflect the classi- 
fier's own background. A clieiiiist index- 
ing an article on semiconductor mate- 



*no sweat’ when the ‘heat’s on’! 

HypEB-sENSiTivE ixFBABED SYSTEMS are part of a highly active 
research program at Texas Instruments. Basic investigation 
into crystalline optical materials puts TI at the forefront in 
development of infrared systems and techniques. 

Infrabed appucation is just one outstanding aspect of 
Texas Instruments systems engineering abilities. TI’s Appa- 
ratus Division is also producing transistorized military equip- 
ment with size and weight reductions as high as 100 to 1! 

For airborne installations in particular, this miniaturization 
design approach means greater reliability, larger pay loads, 
longer ranges, and deeper penetration for more positive 
results. 

Fob well over a decade, Texas Instruments has been build- 
ing radar, sonar, and other systems for search, communi- 
cations, navigation, missile guidance, and fire control . . . 
frequently to accelerated delivery requirements. Facilities 
for continuing progress in systems engineering and manu- 
facture include over a third of a million sq ft of plant space 
In an excellent dispersal area. 

For FUNDAMENTAL DESIGN and development ... for manu- 
facture of reliable systems that save weight, space, and power 
... for scheduled commitments delivered on schedule - . . 
call on TI application engineers. Write to Apparatus 
Division . . . 
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9UICK on the DRAW is net good enough 

Precise, automatic control systems 
and instantly responsive gun mounts 
are vital to keep alive 

the American tradition of fast, deadly shooting. 
Maxson develops and manufactures 
such gun mounts, drives, and 
fire-control devices. 


Top-caliber engineers 
wiil find eiceplional 
opporlunilies at Maxson. 

For details, conlaci 0. R. Pratt. 
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rials, for example, miglil list cUissifica- 
tiom of interest to imotlier clieiiiist but 
not list tliissificatiuns iiiulcr which a 
metallurgist or phssicist might think to 
look. 

I his vers- Iwsic pniblciii has pushed 
the laboratot)- into the field of lihrats- 
science and tcchniquc.s. .-\t present it 
has a "guiirea pig" project which is 
seeking nevv chissific-aticm techniques 
for the chcniical-mctalUirgical sciences, 
using abstracts |>iit out hy technical so- 

Aerial Reconnaissance 

Ihe lab's Data Processing Branch, 
under Daniel L.oreto. is c.s-ploring and 
mav soon launch .1 program to mechan- 
ize tile utilization of vast amounts of 
intelligence data obtained on aerial re- 
connaissance missions. Photos taken on 
reconnaissance missions now- are ana- 
lyzed by slow manual methods. Unless 
known landmarks appear in the photo, 
it is difficult to pinpoint the exact lo- 
cation of the photographed area. 

'Ihe laboratory is considering the 
possibilit)- of automatically recording on 
photo reconnaissance film (or a svn- 
chronized magnetic tajjc) information 
.such as the plane’s position (from navi- 
gation coinpiitcrs). heading, altitude, 
and airxpccd. 'ibe recording would be 
in a form that would allow automatic 
data reduction techniques to be applied 
to locate any desired ijortion of" the 
film. 

Automatic Translation 

One of the most fascinating of the 
laborutorv prognims is aimed at auto- 
matic translation of foreign languages. 
As a preliminary .step, the Intelligence 
Production Branch is s|)Onsoring de- 
velopment of a Rnssian-to-English word 
converter. Knglish-Rn.ssian word equiva- 
lents will be placed in a high-speed, 
large capacity storage device which has 
electric typevs-ritcr input and output. 
Wlien an operator types out .1 Russian 
word on one typewriter, the storage de- 
vice will aiitumatiailly seek out the Eng- 
lish equivalent and cause another tvpc- 
writcr to write them out. 

However, a word-by-word translation 
is far from a finished, usable product, 
because of syntax problems and multi- 
ple word meanings. The lab is studving 
the possibility of a mechanized trans- 
lator with built-in '‘logic" for the s\n- 
la\ of the particular language being 
translated, l-'or instance, it two words 
appear together, tlics- might have one 
lucaning; if separated by a third word, 
they might have another meaning. 

The laboratory's Collection Branch, 
headed by Jloward Davis, is developing 
hardware to assist in the ground-based 
collection of intelligence. Sccuritv |5tn- 
liibits anv further statement about its 
work. 

The ,\|)plicd Science Branch, under 



Carl Nordstrom, is exploring new state- 
of-the-art in all fields of science for its 
possible application to intelligence. It 
is, for instance, investigating tlic possi- 
bilitv of using different radioactive iso- 
topes as a means of coding and sorting 
out data on storage, instc-ad of the 
photo-electric techniques now employed 
in Minicard. 

'Ihc Operational Planning Branch is 
investigating the problem of handling 
the vast anUHints of data which would 
result if the USSR were to accept Presi- 
dent Eiscnliowcr's "Open Skies ’ plan. 

In some quarters R.-U)C is known 
as "that place where they think you can 
doanytliing and everything with ground 
based radar." '1 here is good reason for 
this reputation. 

Control & Guidance 

R.fiDC has iip|)licd ground radar to 
air defense (surveillance), ground-con- 
trolled interception (CCD, tactical air 
control svstems for interdiction 
n ,\CS). instnimeiit approach (GC.\) 
and automatic approach and landing 
systems and nirport surface detection 
("taxi radar"). It also believes radar 
could provide a nationwide semi-auto- 
matic traffic control .system. 

RADC is risking its batting average in 
an attempt to develop a defense against 
mtcreontiucntal bMllistie missiles. 
RADC is USAh's cliicf ARDC sup- 
porting center for the dcvchipineiit of 
an anti-ICB-\I (AICBM) ground eii- 

Hcart of any possible IC8.M defense 
is a tcclioiquc for early detection at 
great distances and altitudes. It conics 
as no 5or|)risc that R.ADC believe it 
can do this job witli ground-based radar. 

Although RADC officials will say 
nnlv that they arc working on the prob- 
lem, the center lias officially jcknovvl- 
edecd tliat it has a huse (l?i ft. high) 
radar antcnn.i. built by General ^cc- 
tric Co. at lairedo, Texas. Tliis has led 
to well-based speculation that it will 


Maj. Gen. Smart Phillips Wright, Com- 
mander, Rome Air Development Center 
, . , born Dollos, Tex., 1903 ... At- 
tended Dartmouth College and Texas 

bomb groups . . . commanded 497th 
Bomb Group, and served with 73d 
Bomb Wing and 20th Air Force in South 
Pacific in World Wor II . . . communi- 
cations ond electronics posts with USAF 
Hq. and Strotegic Air Commond . . . 
deputy commonder Air Proving Ground 
. , . deputy commonder Fifth Air Force 
(reor) in Korea . . . commander RADC 
since May, 1954 , . . rated command 
pilot, command observer ond olrcroft 
observer . . . organized and commanded 
first rodor bombing squadron and took 
it to South Pocific, where it provided 
rodor bombing in combat. 


be used to track missiles fired from the 
White Sands (N’.M.l proving grounds, 
some 500 miles away. 

I he newly foniied Control and 
Guidance Directorate, headed by Col. 
Otto Quanrud. includes a new Nlissile 
Support Laboratory. 

Missile Support Lob 
Tlic nav Missile Support Lab. 
Iieadcd bv Wilbur Combs (former cliicf 
of the Auxiliary Equipment Lab), con- 
sists of four branches: 

• Ballistic Missile Brandi, headed by 
Stanley Rush. 

• Non-Ballistie Missile Branch, headed 
by Capt. Dale .Ashcroft. 

• Operational Planning Branch, under 

• Iiistrinnentation Branch, under Ed- 
waid Kullmann. 

Work in ground support systems for 
.such .Air I'oree missiles a.s Boniarc. 
Tabs and .Atlas, previously divided be- 
tween the .Auxiliarv Equipment and the 
Control and Cuidance Diboratorics, is 
now located in the Missile Support I.ab. 
'I’he .Atlas and .AICBM projects ate un- 
der the Ballistic Missile Brunch, the 
Tains iiiui Boniarc under the Non- 
Ballistic Missile Branch. 

The Missile Instruinciitstion Branch 
(formerly part of the .Anxiliury Equip- 
ment laib) has just completed a new 
high-acenraev range for checking ac- 
ciiraev of missile guidance equipment, 
flown in piloted aircraft. 'Ilie diamond- 
shaped range has four .Askania cine- 
theodolite stations at each of four cor- 
ners. averaging about 12* miles ap,irt. 

To achieve the highest possible ac- 
curacy. RADC called in the U.S. 
Coastal Geodetic Surcy to site the sta- 
tions. During operations, R.ADC will 
send up airborne rcfractomctcrs to 
mcjisiirc index of refraction along the 
flight path and introduce the-.sc minute 
corrections into theodolite readings. 

Eiirtlicr evidence that R.ADC never 
overlooks an opportunity to apply 
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Ciinfriil Brjiidi i$ aiitomntic GCA, 
\GC.\ consists of a precision approach 
radar <1’.\R), such as the militars' 
I I’N'-Ki. CPNM, or MPN-11, phis a 
series of .iiifoiiiatic trackers for keegm^ 

..p|)rintli; computers for calculating 
«h.it fliflit |),ith corrections arc re- 
i|iiired. and a data link for autcnnatically 
tninsmitting this information to the 
eock|)it of each aircraft under control. 

In the cockpit the pilot gets an ILS- 
lypc of cross pointer indication, plus 
<listaucc'-to-touchdo\vn information. 
The data link .signals also can be fed 
into an autopilot to proside automatic 

ness' .\CC.\ equipment developed 
h\- Gilfillaii Bros, now is installed at 
R.\DC and is being readied for evalua- 
tion. It is designed to provide approach 
control for aircraft to land at 30-sec. 
hitcrsals. 

An escorted tour of the mobile san 
ill which theAGCAis limiscd, provided 
hs Stan Tepper, RADC proiect engi- 
neer. and B. Cutler, Cilnllan project 
eiigiiieer. ilhistratcd the im|x>rtant at- 
tention to detail required in such equip- 
ment. 'Ilic van includes special semi- 
automatic test equipment which enables 
an oiKtator to check out quickly any 
one of the hundreds of plug-in assem- 
blies used. Anodicr tester enables the 
operator or nraintcnancc man to exam- 
ine the wave shape of anv critical sig- 
nal and compare ft with the desired 

•\ simulated AGCAnm performed bv 
Cutler prmided cotivincina cs’idcncc 
Ihiit the iintomatic feature sTimild he a 
:;rcat boon to GC.\ operators, relieving 
them of routine chores of interpreta- 
lion and instiuction so they Can moni- 
tor the complete situation. 

Automatic Departure 

\\’hilc much effort has been devoted 
to automatic appraich and landing, 
R.MIC now is investigating the other 

IroUcd departure, 'fliis is one of the 
l.isb assigned to the Operational Plan- 
ning Br.mcli invdcr Rycr.son. In addi- 
tion to the obvious advantage of in- 
ercasing air|)ort capacih', imto-dcparturc 
control slioiild increase take-off safetv, 
Rversem believes. 

.\irport surface dctcctioti equipment 
(.\SD10, often called "taxi radar” and 
developed miclor R.\DC sponsorsliip, 
has proved extremely useful to show 
tower ojK'rators whetlicr runways and 
taxi .strip.5 are clear. 

I'nr military operations, liowacr, 
where jets may be landing at 30-scc. 
intervals or less in bad wcatlicr, ASHE 
may not he adequate as an airport nai i- 
gation tlevice. The reason. Rverson 
said, is the high taxi speeds of militarv 
jets, flic difficulty of finding and fof- 
iowing runway turn-offs and taxi strips, 
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and the inherent dclav'S if tlic pilot 
must get his ground maneuvering di- 
rections from a tower operator viewing 
.3SDE, 

R.\DC is investigating the possible 
use of flashing lights along the taxi- 
strips. .Another possibility is to use 
"leader cable" implanted in the taxi 
strip conctctc. Magnetic radiation from 
the cubic is sensed bv a device in the 
aircraft which gives the pilot a turn 
tight or left indication. The British 
have developed such a system, but 
Rverson believes that it may not give 
sufficient "anticipatory” action when a 
sharp turn is coming up. 

EGECON System 

A traffic control and navigition sv's- 
tem vv^iieh makes use of secondary 
ground radar and requires a minimum 
amount of airborne equipment is an- 
other project within this braiicb. It is 
called Electronic Gcograpliic Conrdi 
nate Navigation System, or EGECON 
for short. 

EGECON would obtain information 
on each aircraft's identitv from its Il'T 
or .\TC transponder beacon, then as- 
sign an automatic tracker to keep a 
check on its position. Position of each 
aircraft would be transmitted via data 
link periodically to the aircraft, where 
it vviinid aiitoinaticallv up-date and cor- 
rcef the dead ttekoniiig computer. The 
computer then would provide the pilot 
with position infonnarioii until the 
next data link transmission. 

RADC ciirrcatly has an EGECON 
study contract' with Gilfillan and Ford 
Instiuineut Co., which makes the 
.AN/.\SN-7 dead reetoning computer. 

Another project, related to EGECON. 
is called INCA (Integrated Navigation 
Cominnnications .And so forth). It is a 
study program with Elcctrcnic Control 
Systems (a Strombcrg-Carlson subsidi- 
ary) to detcrorinc the number of com- 
munication-navigatioii equipments now 
e.irticel on all types of aircraft and what 
pcTccntiigc of the time each is in use. 

'J'he newly formed Spcci.il Devices 
Branch is responsible for secondary ra- 
dar (used to intenograte IFh' and 
similar airborne transponders), ground 
navigation radar beacons and digital 
data processing techniques. 

M.AGT’RAC. a new transistor-mag- 
netic amplifier automatic target tracker 
which keeps continuous check on the 
position of individual aircraft picked up 
on surveillance radars, is one of the 
branch's current projects. The requited 
techniques and the device itself are 
R.ADC dcvclopincnts. 

The device is cxtrcniolv sm.ill (300 
cu. in. per channel), rugged and re- 
ft consists of; 

• Video integrator and beam splitter 
which applies statistical techniques to 
establish exact target position vvitliiQ 
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PRECISION DC MOTORS 



Can be supplied with single or double governors, gear train, brake or clutch, 
radio noise filters, thermostats, double commutators, blowers, fans, or any 
practical combination of these with stated or other voltages. 


-65°C to +150°C temperature range. 
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tlic width of the beam, to give more 
accurate data on target azimuth posi- 
tion and range. The device also con- 
verts target position from rho-theta 
coordinates into rectangular coordinate 

• Tracking amplifier, whicli derives 
target vclocits' information, generates 
azimiitli and range tracking gates, inter- 
polates aircraft position for time inter- 
vals between successive radar scans. 

New Transponder Role 

W'ork now under way in this branch 
may hold important implications for 
the civil ATC tranyjondcr-bcacon pro- 
gram, according to Gurdon Abell, cnief 
of the former processor section of the 
auxiliary Equipment Liiborafory. 

It is the “Data Transmission Fea- 
ture," which would pennit civil A'I'C 
transponders to provide information 
automatically on aircraft altitude, head- 
ing, airspeed, destination or estimated 
arrival time when suitably interrogated 
from the ground, without pilot action 
or use of congested voice communica- 
tion channels. 

This information would be supplied 
automaticallv and eontinuouslv to the 
airborne transponder by analog-to-digi- 
tal pick-offs attached to the plane’s alti- 
meter, gyro-compass, and airspeed in- 
dicator or pre-set by the pilot for such 
functions as destination and ET.A, 
\Mieu a ground controller wanted to 
knew a specific airplane's altitude, for 
instance, he should set a cursor gate 
over tlic aircraft's blip on his radar 
scope, lliis would automatically indi- 
cate wliicli code should be used to 
interrogate that aircraft. The controller 
then would push a button marked "al- 
titude". wliieli would initiate a "radar 
request” addressed to the airplane, ask- 
ing its transponder specifically for the 
plane's altitude, lliis would trigger the 
plane's tr.mspondcr to reply instantly 
with altitude or any other information 
requested. 

Novigation Beacons 

Dc\'clo])nient of small radar ground- 
based beacons for naiigation which are 
rugged enough to withstand air-drop, 
is another rcspoiisibilitv of the Special 
Devices Branch, 

A new ANVFPX-13 X-band nav bea- 
con, employing direct cn’stal control for 
greater frequency stability and capable 
of serving a greater number of aircraft, 
now- is replacing long-used World W'ar 
II beacons. The FPN-13 was built by 
W'cbstcr-Chicago under RADC spon- 
sorship. 

RADC wages a never-ending battle 
to reduce beacon size "nd weight and 
increase reliability. One new beacon is 
only one-third the size and weight of 
its predecessor, yet it has the same capa- 
bility. Because ground beacons fre- 
quently arc expendable, cost reduction 


is another objective. By redesigning a 
beacon antenna for easier producibility. 
.Airhoriie Instruments Laboratory was 
able to cut price from S2.300 to 5400. 

Many bracons require their own 
sources of electrical power— usually in 
tlic form (if a small gasoline engine 
driven gc-nerator. Those must be able 
to start by tlieinscives and run continu- 
ously. unattended for up to a year-witli 
cxtremclv low fuel consumption. 

Five years ago RADC was lucky to 
get mote than 30 hours operation be- 
fore failure. As evidence of progress, a 
new engine dci-clopcd by Special Pur- 
pose Engine Co. recently ran for nearly 
I.SOO hours before failure, according to 
Richard II. Boutillette. Based on the 
kind of duty cycle to which the engine 
of a power lawn mower is subjected, 
this is tlic equivalent of about 1 30 

Radar Laborotory 

With so many of RADC’s programs 
built around the use of ground radar it 
is not surprising tliat a major effort is 
being made to improi c radar. It is con- 
centrated in the newly foniicd Radar 
Diboratorv headed by Dr. John Bur- 
gess. I'rom .in orgiinization.il stand- 
point, the Laboratory has not changed 
much from the previous Radar and 
.Applied Techniques laibonitorv. Its 
AICBM activities have moved over to 
the new Missile Support Laboratory 
while its semiconductor circuitry efforts 
are shifted to the General Engineering 
Laboraton- in the Directorate of Tech- 
niral Serviires. 

'I'he new Radar Laboratory has four 
branches: 

• Search & Height Finder, headed by 
John Cruickshaiik, responsible for dc- 
l elopmcnt of complete radars. 

• Transmitter, headed by William Pope. 
wliicIi devotes much of its efforts to 
iiiiprmcd tubes aird modulators. 

• Antennas and Microwave Conipo- 
iicnts, headed by Ken Eakin, responsi- 
ble for descloping all components 
found between antenna and tniiiMiiittei 
output and receiver 1. 1-', amplifier input. 

• Techniques, headed bv Nicholas Fred- 
erick. responsible for dcseloping new 
receiver eifeuits and MTI (moving tar- 
get indicator). 

Anti-Jam Effort 

One of the major efforts of the Ra- 
ff, ir Laboratory is to "make radar as 
invulnerable as possible," R.ADC Tech- 
nical Director Harrv Davis said. 

Asked about progress in making radar 
less vulnerable to jamming. Dr, Monis 
Ilandcismaii. former chief of the Radar 
and .Applied Techniques Laboratory, 
said only that scry significant strides 
have been made. 

Developments in high-power klys- 
trons in the early postwar years ap- 
peared to spell the doom of magne- 
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with TACAN ANTENNA 
BASE PEDESTAL ASSEMBLY 

• Whether a jet searching for its 

liner flying anin’tercity run, TACAN. 
devcloperf for the United States 
Navy and Air Force by Federal 
Telecommunication Laboratories, 
and manufactured by Federal Tele- 
phone and Radio Company, both 
divisions of the International Tele- 
phone and Telegraph Corporation, 
provides super accurate radio high- 
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World premiere — starring Transistors 


The Department of the Navy, Bureau of Ships, 
receives the world’s first completely transistorized 
dial telephone switchboard . . . designed for mini- 
mum space, weight and maintenance. 

In this compact switchboard cabinet (72” x 
30” X 24" ) all line finding, circuit switching, tone 
signal generating, and in fact, virtually all func- 
tions of conventional dial telephone switching are 
performed by transistors and diodes. 

Capacity of this prototype electronic switch- 
board is 100 lines, with fifteen connecting links. 
The officers and men use their telephones just as 


if the .switching .system were the ixmventional 
type. And when the siiip on which this telephone 
system is installed doc'ks in port, ship-to-ahore 
trunk connections arc added as easily as an ex- 
tension telephone in your home. 

And for those interested in production details, 
it’s noteworthy that this compact, lightweight 
system is manufactured with plug-in printed cir- 
cuits — providing shockproof, lifetime accuracy. 

We take great pride in being a team partner 
with the Navy in (hi.s outstanding technological 
development. 


STROMBERC-CARLSON COMPANY 
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lie'll'. Ion;; used to power nidnrs. 
lUrciitU, himcvcr. “tlicrc lius been ii 
terrific Miigc in miignctroii capiibilih, 
lli.ink' 111 new design twists." IhuKlcls- 
mini .viicl. Miignctroiis now arc giving 
kK 'trims 11 red nice, he iiidiciitcd. 

KK'trim designers are not sitting 
light. I [iiiidclsiiiiin reported significant 
new duclnpincnts in liigli-]x>wcr kly- 
slriiii.s and grid-cnntriil khstrons, and 
said that they have made steads ad- 
Minccs ill ali-iinportant rclialnlity. 

Impro'cmcnts in microsias'c com- 
ponents .since W'orld \k'ar II Isavc per- 
mitted significant gains in radar 
scii.sitivitv, flaiidelsman said. "Todav 
"c can guarantee noise figures of 8-9 
db. or licttcr in actual field perform- 
ance. compared to the 1 % db. figure 
aeliicscd in W'orld W'ar II," he said. 

C.ains in M i l performance and tc- 
liahility have readied the point where 
R.\nC now plans to standardize on 
one nr t«'o designs and prmide them 
a.s Giiveniiiicnt l''iimislicd Kqiiipincnt 
In nidar manufacturers. This will not 
onh reduce the cost nf USA!' radars, 
Imt also should ptoside attractisc econ- 
iimics in niiiintcnancc and training of 
iiiaintenaiice personnel, Ilandcisman 

The new M TI is far more reliable, 
has better perforiiiimcc under s,ir\iiig 
n))erufing conditions, and is better able 
lo counter certain t'pes of jamming, 
llamlcl.simin said. 

.V new tape of MTI. developed by 
Riidio Corporation of .America, inav 
get ariniiul the iindcsiriiblc characteristic 
of present M TI which oftcai climmates 
iiiming iiircr.ift radar blips if the air- 
plane is orbiting at a constant radius 
iihmit the radar. 

RC.Vs new MTI employs a cathodc- 
r.iv ,'toriige tube called tlie "Radechou." 
Tests on an cxperinicnhil model iiidi- 
v.ite that it may be nma- reliable, less 
critical of adjustinciit and easier to 
miiiiitiiin than eonventional ones. 
Technical Services 

rile activities nf ,lie Directorate of 
reehiiical .Sersiees run the gamut from 
vsploriiig the possibilih of putting 
die Immim sense of smell to pnictical 
niilibm use. fn developing automatic 
fiiidt ioc'.itiiig techniques; from devel- 
oping inodiilar shelters to house R.\I)C 
ecimpment to providing the .services 
of a small National Bureau of Stand- 
.'rcis. The Directorate. Iiciidcd bv O. G. 
I'allinaii, eoiisi'ts of four groups: 
•Human l■■actnrs loiboratorv. under 
\la). I,. R. W'ilcox, which investigates 
".ns to make optimum use of tlio 
mmiiitable cliar.ictcristics of the hu- 
iiiim being, in eombinatioii with clec- 
Ironie eqinpiiient. 

• General Knginccring Laboraton, un- 
der .\l. V. Ratyiiski, whose activities 
range from mterfcrcncc amilvsis and 
eoiilrol to instriiineiitation develop- 



m»rM/ixes (^aiuimjo wme 

ID£AL fOK J£T £A/Or/\/£ 

rneKMOcouPiES ? 

H/-TEMP AAT/iVO, POPAB/l/TY 
ABD m(/s(/AL p££K/3a/ry. 


for test stand or airborne use, T-E's "Ceromo" 
thermocouple wire is solving many problems- 
’‘Ceramo’s" construction — thermocouple conduc- 
tors and ceramic or inert metal oxide encased 
in a seamless metal sheath — meets all air- 
eroft requirements. Temperature ratings rcoch 
2100°F. "Ceramo" con be bent permonently 

without short-cii 

those diameters are small!— .032" 0.0. for 
single conductors) .040" O.D. for duplex 
conductors. 

A t/16-inch "Ceramo" thermocouple 
completely enclosed hot junction 
spends foster than 18 gage bare-wir 
type thermocouples— will appreci- 
ably outlast 

struction — and will withstond 
pressures up to 40,000 p 
without additional protec- 
tion. Results Witt 
"Ceromo” sizes oi 
parable. Also i 
for thermocouple exten- 
sions, exposed loop ond 
stagnofi 

‘'Ceromo” Tfiermecovple Wires mode in Iror-Consfanfan, Copper- 
Constantan, Chromel-AJumel, Chromel-Constontan and Platinum 
Rhodium-Platinum trem 36 to 16 goge. Sheolhingi Stainless Steels, 
Inconel, oluminum or copper. Overoll diamerersi 1/25" to V*". 
‘‘Ceramo’’ Thermocouple Extension Wires made in Iron- 
Constantan, Chromel-Alumel or Copper-Constantan of 20 ond 16 
gage. Sheathing: copper-nickel olloy, plain or galvanized cold- 
drawn steel. Overall diameter: '/i" and V»“. 

Learn mere about this versatile wire. 

Write for bulletin 31-300-C 



Ttiefmo Electric Co.. 


\.9m. 


SADDLE BROOK, NEW JERSEY 

In Conado — THERMO ELECTRIC ICanoda) Ltd., Brompion, Ontario 
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Why man needs an electronic intellect 

to act faster than his brain can think 


Nut so loii^ ago a slide rule, .'ll) adding macliitie. or 
a siiti|)l*' caleulalor were all llial imiii needed to 
speed the applieation of his reasoning. 

Today. )>eeauscof tlieconipiexil) ami numlier of 
ills prolilenis— ^\ hen ihe spe<‘d needed In .solve tlieni 
is l>e)ond human limilalions— he has Inid to create 
elet’tronie servants tliat can conipule. decide and 
act for him faster llmii his hniin can think. 

for 10 )cars the engineers al .At'TONKTICS — a 
Division of North American .Aviuthm. Inc.— have 
been designi ng and developing til esc electro* 
mechanical sland-iiis, Into them is huill the power 
tt) intcrprcl. translate, rememher. and digest 
mvriad data. ..at speeds and in i|UiUililies never 
before dreamed possible. 

Daily — at Autoxktius — this advanced art is 


imshed even further. Complete capaliility in both 
analog and digital tecbni({ues is <nmstantlv being 
ap|>licd ill design studies and High! testing.. .as 
well as in integral parts rvf conijilcte automatic sys- 
tems— niilopiiots. aiitonavigators, armament con- 
trols and other automatic controls. 

If vou are inlercsled in more detailed informa- 
tion— as an engineer or businessman — piease 
write: AtTONKTICS. Dept. W'-.i. 12214 Lakewood 
nivrl.. Downey. California. 

Enginsers, write for details of ctiallenglng positions now open. 


Autonefics 

A DIVISION OF NORTH AMERICAN AVIATION, INC. 
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nicnt. niatctials and miuiatutia.ilioii 
tochnicjucs, mcasiircmciit tcchniqiiti.. 
and nicchanical dcvigii cngmccriii|. 

• 'I'cst I'aciiitics Laboratory, under 
I M. Iliompson. responsible for op- 
erating R.\nC's compk'v of citvirnit- 
mcntal test facilities and condiicling 
Mulabilitv tests on components .md 
materials. Rcccirth tins lab has taken 
over the ii|)cration of most of R.AOC's 
olT-basc test sites. 

• Eitginecriirg Services Oivision, under 

l. f. 0)1. lliintct flriskcv. rcs|xnisiblc for 
preparing engineering and production 
proeiia'inent data and R.AnC’s vast 
nidiii c'onmumications needs. 

Human Factors 

R.ADC reengni/es tiuit cleetrenie 
warfare is far more tliaii a b.ittle be- 
tween electronic svsteins. It is a battle 
between their operators. I nr this rca- 
.voii the lunnan. Iiis eapabilities and 
iris inhereirt sliortcoiiiirrgs. must i)e 
taken into iiccoinit in tlie design of .mv 
KCM. I'iiis is Hire of the projects 
within the Hiiimm I'aetors Labiiraturs. 

lake, for example, tire problem of 
trving to janr tire airborne radar of an 
enemy bomber, 'lire object is to pro- 
duce maximum intctfcrcnce with the 
radar travigalor/bonrbatdier's task. It 
is impractical to try to completely ob- 
literate' .ill radar returns. But what is 
(he most feasible tvpe of jamming to 
confuse and aiinov tlie navigator/ 
bombardier? One of R.-\nC's projects 
is to conduct simulated bombing runs 
and determine how much bombing 
error is introduced Irv different tviics 
of ECM. 

Vital Link 

I'lie catiiodc ray tulje is tlie vital link 
between man and macbinc in mam 
inilitarv systems, but too little is known 
quantitatively almut the .iffevt of tube 
si/e. bxiglifness, contrast, tesolulioii and 
persistence of the radar return on 
the o|3er.itor’s ability to detect targets 

I hintan biietors Labor.itory psv chol- 
ogrsts have built vvliat tliev tall a "visual 
sensitometer" to nie-asure the affeet of 
some of these factors. I he laboratorv 
hopes to build up a library of autlinn- 
tativc iiiforni.ition whitli will enable 
radar dis|)lay designers to select CR'I 
lube parameters on a scientific rather 
than an intuitive basis. 

Reliability, and the associated prob- 
leiii of casing the skill-level required for 

m. iinteiiaiue. are mider attack bv the 
General Kngiiieering Laboratorv on 
111, my fronts, inelmlmg: 

• .Automatic |ierfotiii.ince iiioiiitor, ,i 
recent development wliicli ermtinn 
ciusly elieeks kev radar |)trformance 
factors such as power output, \'SW R. 
receiver noise figure .md IcK-al oscillator 
Inning. If any one deviates from accept- 
able limits, the monitor luitoinatic-ally 


sounds an alarm, or switches over to a 
-staiidbv equipment. .Although the first 
monitor vv.is designed for a specific ra- 
dar. R.MDC luipcs to develop a standard 
monitor design for all tvpcs. T'aUnian 
said. 

• .Antouialic fault locator, another re- 
cent development which autoniatically 
samples several clo/en etitical internal 
r.idar voltages, eoinpates them with ,i 
build-in standard and automatically in- 
dicates wbcii one or more are outside 
limits. liillinan considers this the first 
step toward autcinuitic fault prediction 
-spotting deterioration of radar per- 
forniaiice hefore it results in a bteak- 

• Circuit re-dundaiicv . |30ssiblv with 
.mtomatic switchover to spare circuits 
in the- event of malfunction. R.ADC 
soon will laiuich a stndv program ot 
fault prediction techniques which, if 
feasible, would make it possible to 
switchover prior to actual failure. 

• Reliability handbook, prepared bv 
McGraw-l lill, gives designers the latest 
techniques for designing reliable ct|uip- 
ment. k.ADC jjlaiis to bring out new 
additions to fire baiulbonk from time 
to time. R.ADC is participating with 
the Navy in similar project at Cornell 
.Aeronautical Laboratorv to produce a 
handbook on cooling teximiques for 
electronic equipment designers. 

Flight Test 

lo .Air I'brec pilots in operating 
eonimaiids. an assi|riment to art R.ADC 
center flight test facility might sound 
like a soft job. .A few iniuulcs s|3eitl 
with Maj. Robert F,. Bamev. chief of 
RADC's Direetornte of Might Test & 
in.'triiinenfahon. provides eonvineing 
evideucc to the coiitrarv. 

R.ADC’s small group of pilots flv H 
IVJ3CS of aircraft, from helicopters to b 

100s. \A ith the eurrent sliort.ige of 
flight personnel, the pilots must be 
oiialificd to handle a varietv of tvpcs. 

blights arc difficult to schedule foi 
,1 number of reasons. One is the expet- 
iiiienl.il nature of equipment being 
lesled. which frcqiientlv requires mi 
predictable miiintciianee or modific.i 

Procurement 

In bisc-.il IQs6. R. ADC's Directorats 
of I’rociircment spent Some S6T million 
on reseireli and development contracls. 

I Iris w ent to 110 eonmiereial cuntrac 
tors and 2A miii-|irofit groups sucli as 
universities. 

'1 liesc eontr.icts were almost all of 
tlie Cost Plus Fixed Fee (CPU') tvpe. 
But l.t. Col. John B. riiiner. Direetor- 
.ite chief, who is moving to R.ADC 
Iieadqnartcrs. hopes to explore the use 
of Cost Plus Incentive I'ee (CPIF) tvpe 
eontracts. He helieves that CPU' con- 
tracts might prov ide added incentive for 
contractors to hold down costs. 
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Ltjt to right: Dr. Hoirard Bailer (radar rystcms and coimter-meaiures, eonypiden): Dr. Cledo Brvnelli, Direelor <if Engineering and 
R d' D (eleetranic deeign, automation): Donald F. Melton (nuclear handlingy automation equipment); Dr. John E. Barkley, Asso* 
dale Direclar/or R & D (aolid state, infrared) 


Zeke Soucek (seated), General Manager of Mechanical Division; Dr. Carl F. Kobcr, Aasodata Director for Syetems Engineering 
(radar, infrared and inertial systems); Harold E. Froehlich (balloon* and meteorological sysieme); Dr. Otmar M. Stuetser (ntoro- 
uute optics, semiconductor physics); Dr. Gottfried K. fi'ehtur (behatior of metals in apace fiight) 


These leaders 
are pioneering scientific 
frontiers at General Mills 


Can 


men like these 
and missile 


help develop aircraft 
systems for you? 


Yes, particularly if your creative engineering problems 
involve aircraft and allied systems sucii as: 



Oulslaiidiiig scientists like these have been closely in- 
volved in precision ordnance instrument proje<'ts at 
General Mills since 1940. Together with their stuffs they 


have all had both practical and theoretical experience 
in their fields of specialization. Now, you can utilize 
their recognized abilities in the development of your 
aeronautical and industrial control systems. 

To carry their development work into actual instru* 
Dients and automatic equipment. General Mills’ Mech- 
anical Division has complete, high-level facilities for 
production engineering and precision manufacturing. 
All types of operations in the manufacturing process 


from raw materials to finished sy.slems can l>e carried 
out by the Mechanical Division. 

Close tolerance work (as in tlic assembly of such 
units as the Y-1 Roinlisight. the General Mills Flight 
Recorder, and the falnilmis .\utofab Machine for auto- 
matic as.senibly of electronic circuits) has developed 
ma.ster techniciaii.s and iiiiiisiially liigh standards for 
production, inspection, performance testing and on- 
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‘Doelcams ^ Master - precision 

fAilUary and fndusfn'a/ /nsfrumenfs for Measuremenf and Control 





400-CYClE SESVO 


I. HATE GYEOS. Doelcam K, JR. and 
Gnat rale measuring gyrosco^ corn- 

precision in applications where accu- 
racy and superior dynamic response 
are essential. They are proven corn- 



control and autopilot systems. 

H'nVe tor Gyro Bulleiin-7 
7. LOW lEVEl D-C AMPliriEIS. Doelcam 
D-C Amplihers excel in linearity and 
stability in proportionally amplifying 
low level d-c voltages for measurement 
and control applications. Isolated in- 

ing features of all Doelcam D-C 
Amplifiers, are achieved by use of the 
exclusive Doelcam Second Harmonic 
Magnetic Convener as the input mod- 
ulator instead of a mechanical chopper. 
tVrile tor Amplifier Bullelin-7 


SYNCHgOS->- 



sponse required in high performance servo systems 
These servo motors comply with the rigid specification 
of MIL-S-I7087. They are available with internally o 
externally threaded gear pinion shafts. Doelcam .serve 
motors can be equipped with gear heads to meet cus 
tomer requirements. 

Wriie tor Servo Motor Bulletin-? 


4. EYNCHROS. HIS v«ii, 4oe er to <y<i<) Doelcam synchros 
are proven components in numerous military servo 
systems. Their accuracy, reliability, and over-all per- 
formance characteristics arc guaranteed to equal or 
surpass the stringent requirements of MIL-S-16892, 
FXS-1066, MIL-S-12472, and MIL-S-17245. All types 
are available with either splined or keyed shafts. 

Write tor Synchro Bulielin-7 


'DoelcattLj riii, 
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ItllS FIUO HOAD 
. MASS1CHCSET75 


COVIItNMENI 

DESIGNATION 


FUNCTION 


CONTBOL UNITS 







DIFFESENTIAl TIANSKITTEI 
BECEIVEB 

OIFFEEENTIAL HECEIVEB 
OIFFEEENTIAL lECEIVER 
DIFFERENTIAL TiANSMirTEi 
DIFFERENTIAL TRANSMITFER 
RECEIVER 
RECEIVER 
TRANSMinER 
TRANSMITTER 
TRANSMITTER 
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FLIGHT CCMTROL SYSTEM 



)f aircraft and execution of flight path requited by guidance system. 


Automatic Flight Control System Sought 


Wright-Patlerson AL'B. Ohio— .A radi- 
cally new type of flight eoiitiol system 
whicli continuimsly monitors its own 
petfonnance and autoniaticallv adjusts 
to give optimum performimcc is a 
major goal of W'riglit Air Development 
Ccntcr^s I'light Control Laboratorv. 

Such an automatic ‘‘cnviroiiincnt- 
adjusting system" could speed introduc- 
tion of nCL\- aircraft into the US.AI' in- 
Tcntory by greativ accelerating tests on 
experimental aircraft, said Col. L. 
Martin. Jr., chief of the laboratory. 

In pushing new aircraft through the 
sound barrier, designers have run into 
serious nc«- problems of controll.ibilitv. 
As a result, new jet aircraft can not ac- 
complish tlicir militars' mission without 
an avionic assist from stability aug- 
mentation systems, sometimes call^ 
"damper svstems." 

Ideally, stability augmentation equip- 
ment should be debugged and rcadv 
when the experimental airplane makes 
its first flight. But it is difficult to en- 
gineer a stable damper system without 
extensive data on the plane's dsnamics. 
This data is not asailable until tests 
are nm on the experimental airplane. 

To obtain (In's data requires a long, 
tedious bootstrap operation. Tlic pilot 
must first flv the experimental airplane 
at its more stable altitude and .s|)ceds. 
obtaining stabilits' data for the design 
and adjustment of the augmentation 
equipment. In some instances the pilot 
reports his obserxations b\- radio to flight 
control engineers on the ground wlio 
radio back instructions for changing the 
setting of knol)s conttolling ss.stein 
parameters. 

'Hre tests arc repeated, the obsersa- 
tions reported and system parameters 
changed again, iiiitii stability is 
achieved. Tlicn the pilot e-xplotcs 
otlicT altitudes, speeds and flight con- 
figurations. 


Eventually flight control engineers 
base enough data to determine how 
augmentation swtem performance must 
be varied with speed, altitude and con- 
figuration- From this they can design 
and build an automatic "gain changer." 
This device antomaticallv changes sys- 
tem |>arameters as the plane cliangcs 
speed, altitude or configuration. 

But if the flight tests should lead to 
significant changes in airframe dyna- 
mics between the experimental and 
production models, new (light tesLs 
must bo run on production aircraft so 
the gain clianger can be re-dcsigned. 
.Another disadsantaec of the gain 
eliangcr, which results from its being 
tailored to a specific plane's character- 
istics. is that it cannot cope with imcx- 
pected changes in dynamics, such as 
battle damage or new external stores. 
Several Studies 

W'itli tlie rapidly expanding speed 
and altitude performance of military air- 
iraft, such testing becomes ptohibitivclv 
expensive both in time and effort. 

Tlie proposed environnicnt-adjiisting 
system, liowever, could automatically 
iscrform the systcin-parametcr optimiz- 
ing function over the entire spccd-alti- 
tiidc envelope in a split second, com- 
jxired to the weeks of point-bv-point 
flight testing now required. 

Kqiialh iinporlaut. its use in jiroduc- 
tion aircraft would alwavs autouiaficallv 
compensate for anv change in dsnamics. 

Martin believes the laboratory's con- 
cept offers hope for "significant im- 
provement in flic whole flight control 
field for both piloted aircraft and mis- 
siles." T’lie laboratory is sironsoring 
several design studies on environment- 
adjusting flight control svstcm.s and 
liopcs to bus experimenta] liardsvare in 
the coming scar. 

All this points up two drastic changes 


that have taken place during the past 
10 years in what is nosv called auto- 
matic flight control; 

• Vital new roles, in stability angmen- 
tiition and guidance, which fat over- 
sliadosv the pilot relief function nf the 
old autopilot, the forerunner of present 
flisjit control systems. 

• Greater complexity and sophistication 
brought on by these nesv tasks, coupled 
with increased airplane speeds and op- 
erating ranges. 

FCL Background 

In recognition nf these changes, 
WADC some two ye-.us ago broke 
sharplv with tradition and set up the 
h'lielit Control Laboratory, to deal 
with fliglit control on a systems basis. 
Problems of actndvnaniic stability long 
liad been the responsibility nf WADC’s 
Aircraft Laboratorv', as had ntannal 
control and power boost systems. Auto- 
pilots, once assigned to AA'ADC’s 
Equipment Laboratory, several years ago 
was assigned to the Armament laibn- 
ratory, because of bombing and fire 
control system tie-in. Cockpit in- 
.struments had been primarily the re- 
.sponsibilitv of the Equipment Labora- 
tory, with some navigation and fire 
control instruments being developed by 
the Communication and Naugatiem 
and .Armament Ijiboratories. 

This division of effort was logic.il in 
tlie carlv davs, Inherent airplane stabil- 
ity then was a |3rnblcin which the 
acrodviiamicist solved with ingenuity, 
slicet metal, and perhaps a bob weight. 
Tlic power boo.st designer worked with 
hvdranlics. while the autopilot engineer 
worked with clectroiiics- 

Biit this led to needless duplication 
of flight control equipment and fre- 
quent incompatibihtv between equip- 
ment and controls. One airplane ended 
up with "the equivalent of auto- 
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pilots." C. R- Bryan, tlic Laiiiiralort 's 
r'eclinical Director, saitl. I'\t'ii worse, 
the stalrilitr .uigiiiCTitcr might work at 
cioss purposes to tire autopilot, and air- 
plane instiibilih- often rcviiltecl when 
designers tried to work tliKnigli the 
airplane's boost system. 

The trend toward conrcrgcnce of 
these once-separatc arts was aceeleratcd 
by the introduction of interceptor fire 
control svstems. 'Ilreorv and experience 
indicated that a imich iinptoscd 
weapon would result if radar-eoinputcr 
signals nere fed directlv to the plane’s 
autopilot to inaneuvef it into firing 
position automatically. 

Ilnwcver, autopilots th.it long had 
been designed to hold a plane on a 
steady course generally pror ed ill-suitcd 
to the fancr maneuvering required for 
an interceptor mission. 'I he nianeurcr- 
ing autopilot needed rate-tr|>c gyros in- 
stead of free, or displacement- ts-pe. 

Kxpcricnce has shimn that an in- 
terceptor flight control ssstein spends 
about 80 [Kr eent of its time in 
maneuvering and onlv 20 per cent in 
the traditional relief pilot role. Brsan 

Under One Roof 

As the different phases of the flight 
control art comerged. miCstions of jur- 
isdiction and rcsponsibilits .rtosc. \Vas 
the stabiliti’ angmenter the responsibil- 
ity of the aircraft or autopilot designer? 
It performed a role which has been 
the responsibility of the aerodynamicist, 
but if closch' resembled the autopilot 
in dt-sign and hardware. the con- 
trol surface hydraulic actuator and its 
associated cmitrol vahe the rs-ponsibil- 
ity of the |)Owcr boost srstem designer 
or of the autopilot designer, who fre- 
quentiv used the same combination? 
Was an acrudsnaniic solution to a 
stability problem to be preferred mcr 
a hydraulic or electronic solution? 

The new’ Flight Control laboratory 
has been organized to look at the prob- 
lent from a functional \icw point rather 
than the narrosv view of the techniques 
employed to sohe it. It li.i.- pulled to- 
getlicr the work of acrodinamicists, mc- 
elumical and hvdtanlic eozmeers and 
electronics people. 

Tlie Laboratory belicrcs flight control 
lias two basic functions; 

• Stabilize and isolate- tlie .urcr.ift from 
esctrtliing except desired guidance 
commands. 

• Make tlie aircraft as responsive as 
possible to those guidance .-immands. 

Obvioiislv there must he a close 
working relationship between flight 
control and guidance •>! stems, but 
there is a well defined line of demarca- 
tion, Martin said. One rea-uii is that 
.1 flight control system's characteristics 
iisualh’ must be tailored tn those of the 
airframe on which it will Ire used, 
whereas a guidance system thermbing. 
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/liicro-seconc/ Control 
for an Electronic Pulse 

Scarcely fifteen years ago radar made its sensations 
debut when it helped defeat Hitler’s Luftwaffe in t! 
Battle of Britain. Since then its scientific offspring 
have become commonplace in such fields as aerial 
navigation, interrogation (IFF) and missile guidanc 
AU these elaborations of the basic radar 
principle, and many others now on the scientific 
horizon, depend on an electronic pulse train, 
established and controlled by means of s delay line 
. . . the very heart of the apparatus . . . that 
determines its scope and usefulness. 

There was pressing need for a variable" delay 


Admiral Corporation cevemi 


DELAY LINES 


277 


^Tjtozneftia 



276 


• FLIGHT CONTROL 


fire cuntrol. II^.) usually can sen’C a 
iiuinbtT of types. 

W'iicn fliglit control is \ic«'cd from 
a fniictioiiHl stuiulpoiiit, there arc at 
iGist two logical reasons wliy cockpit 
instruments shoulti be incKiticcI: 

• Guidance signals ficqnenth arc dis- 
pl.ivcd visually a.s well as introduced 
into flight control equipment, to kt 
the pilot monitor performance of his 
automatic ce|uipinciit and to prosidc 
a standby method of operation. 

• Needless duplication of gyros, sensors 
and computers results unless there is 
close integration of instrument and 
flight control requiroments- 

TTic laboratory includes an instru- 
ment group responsible for most of the 
dcs’ices that go into the cockpit. (The 
W'eapons Guidance Lahoratori- retains 
responsibility for dc\’elo|)inent of gyro 
heading references and displa\- and the 
Communication and Navigation labora- 
tory holds rcsponsibiliti for certain 
nai’igation displays.) 

A major project in the h liglit Control 
Laboratory is the dc\clo])incnt of a 
radically 'new integrated cockpit di.s- 
pinv svstem. (AW )uh 2^, p. f)2. Jnlv 
30,'p,'4S,) 

A special section has been set up to 
direct andicoordinatc this bold new |rro- 
gr.im with other interested NVAITC labs. 
Loboratory's Organization 

The Flight Control Laboratory is 
divided into four major branches: 

• Acro-Mccliaiiics, headed by C. S. 
\\'cstbrook. 

• Control Synthesis, under Maj, Con- 
stantine Sviinonoff. 

• Control Equipment, headed bv Her- 
bert W. Basham. 

• Instranieiits, in charge of Da\’id 
Stockman. 

The Aero-Mechanics Branch is the 
former Stabilits- and Control group of 
the .Mrcraft Lahoraton'. 

One responsibility of this branch is 
to determine quantitatiscK what con- 
stitutes aecqrtabic manual flighi han- 
dling qualities. Human t-apabilifics ob- 
viously must be taken into account. 
The branch is sponsoring programs to 
evaluate hoinan response characteristics 
m terms of servo transfer functions, at 
Princeton Universitv, Franklin Institute 
and Control Specialists. Inc- 

Anothcr major responsihilits- is analv 
sis of stabilih- and control character- 
istics of new weapon sy.stcms. Other 
programs include: 

• Flight test techniques for obtaining 
dinamic stabilits- txieflicicnts, at Cor- 
nell Aeranautical laihoratorv. 

• Aero-elastic effects, liow to anahzc 
and simulate them, and the affect of 
highspeed heating on airframe clastic- 
ily- 

• Reaction and bouodaiy layer control 
as a means of controlling aircraft atti- 
tude and flight path. 


Dcs'clopment of adsanced techniques 
and components to implement tlicni 
for the fliglit control systems 10 years 
awav is the fcsponsibilits of the Con- 
trol' Synthesis Branch, "W'eVe inten- 
tionally disorced this state of the art 
group from the problems and daily 
headaches of proiidine hardware for 
current aircraft to enable them to look 
for brand new ways of doing the job," 
Tcchniwl Director Bryan said. 

Thc neiv environment .idjustiiig 
flight control svstem, which may em- 
ploy digital computet techniques, is 
h'pical of advanced techniques within 
this bnmeh. Other programs include 
ins'cstigatioii of: 

• Non-linear servo systems. Ohjcetiic 
is to get much better aircraft damping 
than is acliicvcci now with linear fccd- 
biick ss’stcnis. The laboratorv ho|)cs 
to harness the airplane's inertia to niiikc 
it "work for us as well as trving to keep 
it from working against ns," Maj. 
Ssimonoff said. linear svstem de- 
signed to make an airplane resistant to 
a gust simiiltanconslv inakc.s the plane 

non-linear .s\stcm it might be possible 
to preside extreme ■‘stiffness" when 
the plane was on desired course but 
vary this stiffness if it changes course 
due to a gust. Vertical accelerometers 
might be employed to sense air tnrhii- 
knee and adjust system parameters, 

• Allowable slick motion. Stability 
angmeotation systems can be designed 
so their displacement of the control 
surface will not cause ans' movement 
of the control stick. But if this is done 
the pilot cannot sense a .semi-hardoser 
movement caused bv ssstem malfunc- 
tion until the aircraft goes into the re- 
sulting maiieiis'cr, project is being 
lull on a modified simulator to deter- 
mine how much stability augmentation 
stick motion is tolerable to a pilot. 

• Automatic refueling control. Station 
keeping of two or mote aircraft in a 
refueling operation presents a tough 
task for a tafigued pilot. Tlic labora- 
tory imcstigiited the possibility of using 
automatic fight control techniques to 
make contact, couple up. flv while 

.Mthoiigli the labotators- contracts 
many of its inscstigations. if can make 
its own preliminary crash-program in- 
s’Cstigations in less time than it w'ould 
take to write specifications and award 
a contract. Brian .said. 

Advanced Components 

Synthesizing the svstenis of the 
future i.s only part of the job. llic 
branch must also anticipate what com- 
ponents will be required to implement 
sucli systems and laiiucli- their dciclop- 
iiicnt. Bernard I.ei’inc. as.sistant branch 
chief, .said. 

Some of the advanced component 
clei'clopmcnts now under way ate: 


How Miehle-Dexter 
Blowers supply air 


for your product 



PROBLEM: Design any prod- 
uct requiring a blower — up to 
14 psig. of air (or gas). Do 
not increase size, weight or 
cost of product. 

SOLUTION: Only Miehle- 
Dexter Blowers solve this 
problem. Exclusive 3-lobe 
construction provides maxi- 
mum air in minimum size 
blower. Units require little or 
no maintenance. Hundreds of 
applications. Now used as 
powerful new jet engine 
starters in mobile ground 
power equipment. Used for 
pmeumatic conveying, agita- 
tion, aeration cooling, venti- 
lating, supercharging. For 
more facts, write for new 
Bulletin 255. 
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• Hot MS dii\en pneumatic achiatois 
as po.ssiTjlc siibstitvitcs fur [lie liydtaiilic 
.iiicl electric iichiators mi« (.mpIrAcd. 

• Hybrid «r\o valves Capable of .iccept- 
ing and uiixiiig both incelianical and 
low level electrical inputs and using 
tlitni to control the flim of higli-po«er 
livdr.mlics. 

• Acceleration limiting systems, capable 
of emihling a flight control system to 
pull nia\imimi safe C's on the uir|)lanc 
hut presenting it from cNCecding this 

• Manual arm-rest control stick uhich 
mas replace the traditional "jos' stick." 
It would be mounted in a -idc console. 

Flight Directors 

I'o jiroside greater impetus for its 
flight director dcsclopments, and to as- 
sure their integration with automatic 
flight control svstems. the Control 
Synthesis Branch has been assigned re- 
sponsibilitv for their dc'clo]jmcnt and 
pioductioii- One program i> develop- 
ment of an experimental flight director 
for the figlitcr-hoinlrcr. 

Another project, with Lear. Inc., is 
dcsclopmcnt of a .special autopilot us- 
ing rate integrating (IIIG' gyros. 
Instruments 

Hie Instrument Brandi is* rc^pons- 
iblc for developing most of the instni- 
ments which will make np the USAl"s 
new look in cockpit instnnnuitation, 
under tlic direction of the I.,ihoratorv's 
Sjxicial Working Group. The branch’s 
activities fall into three areas; 

• Sensors for measuring the dorens of 
parameters needed to flv and fight a 
modern aircraft. 

• Computers for com erting these meas- 
urements into cioantitie-. nf •.pecific 
value to the pilot aiid'or crew. 

• Displays for vi.sual prc'cntition of 
the mforimitiim. 

Btaneli Chief David Stin.kiiun listed 
these as the most pressing needs in the 
field of new or improved sensors; 

• Total temperature (free ait) sensors 
tliat requite no adiabatic correction. 
Both vortex and stagnation point sen- 
sors are being developed. 

• Accurate static pressure •i.nsor with 
errors of no mote than '1.5'; up to 
80,000 ft. or higher. Present ifS.U- 
goal is to be able to |3rovitle iOO-ft. 
separation between its .nrcr.ift from 
sOO to 80,000 ft., and this requites 
far greater altimeter stn>itivity and 
accuruev than is available now. Stock- 
man said this requirement i> 'going to 
be awfully hard to meet." 

• Angular acceleration scn-i r. for use 
in flight control systems. 

• Tnie angle of attack sensor, 

• Tachometer generator and other cti- 
ginc mstrmnents capable of operating 
contimmush in an ambient tempera- 
ture of at least -tsOh'. (Genet, il Wcctric 
is working on a tach generator design 
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from the P-iO Shootine Star to mietUe 
star ahootiiiff, the paei ten yeare of technological 
advancement presented many challengee to the 
Antonies indiietry and G, M. Giannmi & Co., /iic. 
hiovi, with a wealth of engineering experience and 
iticreaeed production facilities, Giannini ie looking 
forward— with confidence— to meeting a new 
decade of even more exacting challengee. 



INSTRUMENT5-CONTROLS 


VISIT OUR BOOTHS 908-909 AND 956 AT WESCON. 


C.AX,XKORIVK,< 
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TORTURE TESTS like tliesc for SyncTovcrler Switches aie typical of BrislDl’s continuing drive for product quality. 


100 billion operations and they're still going strong! 


Syncroverter Choppers have run 
almost six years continuously 
at 400 and 600 cycles per second 

That's the laboratnrv shelf-test record of a 
groiij) of Bristol's® Syncroverter® Switches that 
are being run at no load as a test for actual inc- 
chaiiical wear out- Tlicy arc still operating after 
iilmost sL\ years, 

Tliese Syncroverter Switches are predecessors 
of those being used in aircraft fire control sys- 
tems, guided missiles, electronic instruments, 
ground control equipment, and many other elec- 
tronic systems. 

Long life is a feature of the miniature Syncro- 
verter Chopper and High-Speed Polar Relay. 
They are Tinaffccted during ses ere shock and vi- 
bration and are available with the typical operat- 
ing characteristics shown in the tables at right. 
They meet a wide variety of re<|uireincnts. W’rite 
for further information on these precision com- 
ponents. Or we’ll be glad to discuss specific 
application problems with you. The Bristol Com- 
pany, 130 Bristol Road, \Vaterbury 20, Conn. 


TYPICAL CHARACTERISTICS 





QQIQTOI TRA/t-BldZERS 

Q|\|^ I yL PROCESS AUTOMATION 

AUTOMATIC CONTROIS • RECORDERS • TEIEMETERS • SOCKET SCREWS ■ 

CHOPPERS AND HIGH-SPEED RELAYS • AIRCRAFT PRESSURE-OPERATED DEVICES 
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wliich it hopes can operate at filWl' .) 

• Radiation and control in.strumcnta- 
tioii for nuclear ))onercd aircraft. 
Stockman said ald-liiic aircraft iiistni- 
incnt jicoplc h.ivc slioun little interest 
in the field of ndiafion iivstnimcnl.i- 


Computers 

llic trend toward use of central air 
data computers as a .single source of 
airspeed, altitude, Mach and tempera- 
ture signals appears certain to be 
speeded by the US.M'"s new integraterl 
cockpit displas’. With that in mind, 
this branch is sponsoring dcs’eloi>ment 
of a familv of air data computers cm et- 
ing different ranges of .iltitiulcs and 
airspeeds, staiidardi/cd tor use in a 
varich' of aircraft. 

Ihis i.s intended to cliininate past 
practices where weapon system con- 
tractors ha\e sought air data com])uters 
tailored to their specific aircraft re- 
quirements. Stockman cited one inter- 
ceptor manufacturer wliose specifica- 
tions would ha\ e required tlic computer 
maker to spend an estiiniitcd 42.00(1 
lirs- re-engineering its design. 

After a thrcc-dai- conference at 
M'AllC witli representatives of tire 

S kinc manufacturcT, eomputcr maker, 
iglit control system manufacturer and 
interested WADC labonitorios. differ- 
ences were resolved to permit the use 
of a standard air data computer. Stock- 
man said. 'Ilie team non- meets once 
a montli to coordinate air data require- 
ments for all user equipment. similar 
air data coordination team has been 
formed for other new aircraft. 

USA!-' now has its MC-i air data 
computer, cosering the range up to 
80,000 ft. and Mach 1 in production 
at three sources; KeUpse-l’ionecr Oivi- 
sirai of Buidix .-Vsiation Coq).. KoDs- 
nian Instrument Corp., and Serso- 
iiiechani.sms, Inc. It plans soon to 
bring out a new model, the \IC-2. 
coscring the range up to 100.000 ft. 
and Much 5. 

In the field of engine eoinpiiters to 
dctcnninc optinmin enyine operating 
conditions for take-off. climb, cruise, 
and lauding, \\'.\DC lias deselopments 
under wa\- at Spcrry-Raiid Corj)- and 
General Klatric Co. \ sliglitls differ- 
ent approach, the design of in.stnimcnts 
to enable the pilot to optimi/e engine 
performance, is imdcr contract to |ohn 
O.ster Manufacturing Co. 'Ilicse pro- 
grams arc an outgrow th of theoretical 
studies conducted bv Massaclnisctts In- 
stitute of Technologs-. 

Stabilized Platforms 

nesclopiiicnt of staliili/cd ])l.itforms 
to sersc as a reference for flight coiilro! 
sssteins i.s another rcsponsihilits of this 
branch. These arc less si)|)histicale-d 
and less complex than |)latforiiis de- 
signed for inertial gitidanec .systems 


(the respmisilhlity of the \L'c-jpnns 
Guidance Lihciratorv.i M hcie a plane 
is equipped svitli an inertial giiid.iiicc 
ss.stem. its platform could serve as a 
standbs- for flight coiiftol, Stockman 
indicated. 

WADC currenth- is fliglit testing an 
Kclipsc-Pionecr ])latform whieli weighs 
onh- 32 pounds, including posvet su]>- 
plvi in an h'-l(lU, It has exhibited drift 
rates of imlv one degree |)cr hour in 
azimuth and two degrees per hour in 
roll and pitch in laboratory tests. Litton 
Industries, lnc„ rccenth was given a 
contract to develop an even lighter 
stable platform. 

By adding accelerometers to such 
platforms. Stockman believes, tlics- can 
he used a.s an "iuettiaT’ altimeter, rate 
of climb indicator and Mach indicator 
to eliminate time-lags. By combining 
present-dav and inertial tecbnique.s 
WADC hopes to greatly improsc the 
mcasHring of these critical fcinetions- 

•Anothcr important development is a 
G-limitiiig. or load limit, compnter. 
It will determine contimiimsly how 
many G’s tlic aircraft can safely pull 
under its instantaneous flight config- 
iiratioii, fuel lo.nd. etc., and boss- many 
G's ate being pulled. The commitcr 
ssill o|)ctate an indicator that snov 
the pilot his margin of safety, hut no 
burden liim with actual G-1oad tiinn- 
bers- It is licing devclo|)cd bv Spern 
Csroseopc Co. 

'Tlic thallciigc of the integrated cock- 
pit disphn- program has unleashed in- 
diistrv ingenuity, hmg constrained hy 
thc pres-ioiis requirement that a iiew 
instmmciit liad to bear -a close re- 
semblance to its predecessor, llic re- 
sult is "great iiidustrv enthusiasm" for 
Ihe- ptogtain, Stoi-kinan said. 

Control Equipment 

llcsponsihilitv for the flight control 
hardware that goes into ness wc-aptins 
belongs to the Control Ktnii|iment 
Rraurli. under Heiliert W. Basham. 
'This applies to piloted aircraft, guided 
uiissiles and larget-drones. 

Because much of this eqiiipmcut is 
loiitraetor purelwsed and supplied, the 
hr.meli functions bcitli as a cousnltant 
and as a monitor. It licljis formulate 
flight control specifications for US.-M'' 
o|)crational reqnirements for a new 
ssea|3on .svstem, then senes as the engi- 
neering representatise of the Weapon 
Svstem Project Office in csahiating the 
flight control asijccts of c-acli contrac- 
tor's pioposah 

During the life of the- contract, this 
hiancli monitors tlic contractor to lie 
sure operational requirements ate being 
translate-d correctly into iiardwatc. Be- 
ttuisc of the mam- programs under FCL 
cogni-z-aiiee, they may spot equi|)inent 
ill one program which could be used 
]irofitablv b) another contractor. 

'Die time may not be fat assay when 
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orator>'s fliglit control efforts, from the 
functional stamlpoint. Tliis explains 
why radio control and tcleniotcting was 




a new USAh’ specific 
r\f/l' M standards dra«ii up some years 


d (215-235 
i become so congested tliat 
mid USAF is considering the 


not on the techniques tliat ate used 
to get it. The techniques ate only of 

iSliSli 

use of st-abilitv augmentation on all air- 

^Trough thf ve^s "S"'n^v 'ail,Sfne 

specification has called for higher and 
higher roll rates, despite the fact that 

^ Kosv the laborators- is taking a good 
hard look at whether such roll rates 
arc required. If not, this might be the 
best solution to the inertia coupling 
problem because it would reduce the 
amount of equipment which must be 
carried and simultaiicouslv decrease air- 


LOW FREQUENCY 
ACCELEROMETERS 


• ANSWER CONTROL PROBLEMS 
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At the tip of the finger in the illustration above, 
you see an actual storm. It’s on the scope of the 
new Bendix* Airborne Weather Radar system. 
This ingenious device penetrates storms as far as 
150 miles ahead. It gives the pilot a complete 
“picture” of what's in store— even at night or 
under instrument conditions. 

By referring to this scope, the pilot can pick a 
smooth path through or between storm areas. For 
example: In the scope picture above, the white areas 
are a line of storms. Those with black centers and 
thin white lines represent great turbulence. The small 
plane {at bottom-center on the scope) shows the pilot 
the position of his plane in reference to the storm. It 

BENDIX RADIO DIVISION • BALTIMORE 4, MARYLAND 





indicates that by changing course very slightly, he 
will find a smooth, safe route. 

In addition to greatly improving flight safety 
through storm areas, Bendix Weather Radar can 
be used as a navigational aid and for terrain map- 
ping. It’s available on either X-band (3.2 cm) or 
C-band (5.5 cm) frequencies. Let us show you how 
Bendix Weather Radar can help your operation. 

For complete information, write Bendix Radio, 
Aviation Electronic Products, Baltimore 4, Md. 
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Revolution Due in Avionic Components 


By Pliiliii J. Klass 


Wriglit-PattcTson AKB. Ohio-Klcctronic components, tlicii materials 
and mamifacturing techniques will undergo a icvohitionars' change in the 
next 10 years. Tlicy must in order to meet new US.AF requirements for 
components capable of operating for 1,000 liours at tcmprcraturcs up to 500 
degrees Centigrade in the presence of nuclear radiation. 

Ilie agenev responsible for sparking this coming rerolution is the 

Electronic Components Laboratory at Nl'right Air Development Center. ^ 

F.CL already has awarded research and development contracts for a few 500C fion damage. ECL is sponsoring 
radiation-resistant com]K)ncnts. More will follow in the coming year. ,.r, cnViiocr rr.imhn 

ECL is headed bv Lt. Col. I'tcd C. 

heir already difficult design chorcs. 

The components industry has taker 


ptdiniinarv tests. Hower-er, more re- 
cent tests run bv Admiral Corp. under 
ECL sponsorship, indicate that diodes 
made by some manufacturers fail 
(juickiy uinler radiation while diodes 
ntadc bv others stand up quite well. 

This in turn has led to the current 
feeling that flic surface condition of 
a semi-conductor may be a determin- 
ing factor in its susceptibilitr to mdia- 


Schmidt. Jr. 'Hie US.W i 
plm- nucirar propulsion for rill of its air- 
craft and missiles, or operate all of 
them .It speed.s that requite eompouents 
nithsfandmg 500C. 

Despite this, the new components 
might become standard for all US.-\k‘ 
avionic equipment, airborne and 
ground-based, to simplify logistics, pro- 
viding they don't carry serious size, 
weight or price penalties, according to 
II. V. Noble, ECL Technical Director. 
Ground-based equipment, such as com- 
puters, operating in a controlled en- 
vironment would be an exception. 
Difficult Task 

Some feeling for the difficult task 
which lies ahead for tlic components 
industry can be gained from the fact 
that metals begin to glow red at 500C. 
Copper wire oxidizes rapidly at 500C, 
unless equipped with a protective coat- 


10 y< 


neratutc of its products 
the present 125-1 50C limits. Now ECL 
needs to jump to 500C and wants at 
least a minimum family of such com- 
ponents in less than 10 years. Noble 

Radiation Resistonce 

.\s if the 500C requirement were 
not enough, ECL also wants the com- 
ponents to withstand both neutron and 
gamma flux radiation for 1,000 hours. 
The two requirements, heat and radia- 
tion, spell the doom of organic ma- 
terials for use in components, Noble 

Little is known about the effects 
of nuclear radiation on different types 
of coinponciits-why some arc adversely 
affected, others not, 

I'or example, theory suggested th.it 
radiation would daniage the crystal 
iconductor (diode, 
was indicated by 


search 00“ the subject. (Cambrii^e 
Research Center also is investigating 
this.) 

New tuggedized tubes are not nec- 
essarily more radiation resistant than 
their prc-deccssots. 'I'csts on 5R4 recti- 
fiers showed they arc unaffected by- 
radiation vvlhcli destroyed their nig- 
gedized succcssots. the 5R4WGY, 
according to Amos Dickc, chief of 
ECL's Electron I'ubc Branch. Resid- 
ual gasc.s in the tube which ionize 
under radiation may be responsible for 
these failures. Dickc believe. 

Limited tests also indicate that cer- 
tain filament-heater materials undergo 
adverse sfnictural change under radia- 

Stacked Ceromic Tubes 

In the field of receiving tubes, ECL 
is pinning considerable hope on the 
new stacked ceramic tubes developed 
by Eitel-McCullough, under ECL 
sponsorship. These have exhibited 
good life at tcmpcratiucs of 550--IOOC 
and should eventually reach or exceed 
500C, Dickc believes. 

Because the Eimac tubes use no mica. 


Transformer design becomes a real 
problem because its copper conductors 
undergo a 5 to 1 change in resistance transistor), and th 
over the required temperature range 
of —65 to 500C, according to Noble. 

This lias a signific-ant effect on trans- 
former output voltage (regulation). If 
transformers arc used to supply vacuum 
tube plate and heater voltages tins 
will result in wide variations in tube 
performance and reduced tube life. 

h'or optimum tube life, cathode sur- 
faces generally operate at temperatures 
of about 800C, This suggests that in a 
liot ambient, no tube heater would be 
required. But how will a heatcrless tube 
operate in sub-zero .-yrtic temperatures? 

Possibly the tubes of the future may 
use their beaters as a supplemental 
heat source, being turned on or off as 
requited to maintain cathode tempera- 
ture. However, this in turn raises prob- 
lems of accutate measurement and con- 
trol of cathode temperature. 

The prospect that other electronic 
component characteristics will change 
markedly over the wide tenniictaturc 
range suggests that equipment designers 
will have to make wide use of com- 
pciis.iting temperature-sensitive circuit 
elements which will further complicate ELECTRONIC COMPONENTS LAB'S RANGE WILL TEST NEW RAOOME MATERIALS. 





New simplified approach 
to temperature control 
has superior reliability 


Edison Reverses Trend Toward Complexity 
in Aircraft Accessory Systems 


Proved in service on the DougJas C-124 Globemoster, the Coavair 
wing F-102, the Boeing B-SO and many other operational aircraft, the 
Edison simplified temperature control now reverses the trend toward com- 
plexity in aircraft accessory systems. 

Compact and iightweight, this highly reiiabie temperature eontroi uses 
only standard electro-mechanical components— no electronic equipment. 
Its design simplicity eiiminates costly maintenance training. The 
ment's checkout procedure is famiiiar to any electrician. 

This basic control teams up with the rugged Edison Fire Detector Cable 
or with any of Edison's accurate Resistance Temperature Detectors 
of fire in engines and baggage areas or to signal dangerous temperatures in 
bearings, heating ducts or oil lines. Simultaneous or selective temperature 
indication is optional on all overheat delecting systems using RTD's. 

Edison field engineers with years of aircraft experience are located in 
Ft- Worth, Dayton, Glendale, Chicago and West Orange. They will gladly 
analyze your temperature control problems and recommend action. Just 
write any of these offices and let us know your requirements. 
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they c-.ui he baked at extremely high 
temperatures to get rid of residual 
gases, which should make them less 
vulnerable to radiation. Verv limited 
tests to date apprar to confimi their 

to r.idiation. tltcir small size, low pot\er 
consumption and heat dissipation make 
tliem too iittractise to give up witliout 
,1 struggic. Dickc believes that it 
'.hiiuld be possible to priisidc riKliation 
shielding for seinieomiuctors witlimit 
too great a neiglit or size penalts . 

Nesv semiconductor materials, such as 
silicotic carbide, offer hope of raising 
top operating limits from the present 
"OO-iOOC saiue oiitaincd with silieon, 
to sO()-l,OOOC. 

Contracts Let 

Soeral years .ago ECL awarded a 
fuv contracts for the development of 
components capable of operating at 
;01)C. Ill 1955 tCL added tbc nuclear 
radiation requirement- \\'ork to date in- 
dicates tlic inorganic materials required 
to withstand nuclear radiation sliotikl 
also permit operation up to 500C. 

Within the past vear. KCL lias 
imardcd rese.ircli and development con- 
tracts for tlie first nicmbcr.s of the 
family of 500C. radiation-resistant com- 
]>oiients it intends to desclop. 

Some of these contracts have gone 
to old-line component manufacturer.s. 
like P. R. Mallory Co.. International 
Resistance Coqs., and General Mlectric. 
(Jtliers have been awarded to conqiara- 
tisc newcomers, siicii .is Servomecli- 
anisms, Ine.. and .'\merican Machine & 
Pouiulry Co. 

Contract awards to date include: 

• Traiisfonncrs: General Klectric. 

• l''ixcd cai«ieifors; American Machine 
& I'oondry. which is c-xploriiig use 
of sintered ceramic oxides, and Seno- 
mechanisms, which is investigating 
evaporated film tccliniqucs- 

• Fixed resistors: Mallory , which is ex- 
ploring the use of sintered slugs, and 
International Resistance Corp.. inves- 
tigating use of metallic film techniques. 

Cliarlcs Dovlc, cliicf of F.CI.'s Rc- 
si.stors, Inductors and Capacitors 
Branch, said the branch expextts to 
let contracts in the coming year on 
the following 500C components and/or 
materials: 

• Potcntioinctets and high tcmpctaliire 
revivhiiice wire with low temperature 
coefficient. ’Ibis effort will be directed 
to noii-prccision pots at first, but 
pointed toward evcntu.il .ip|3lication 
to precision pots. 

• Jet ignition capacitor, rated 5 mmfd. 
at s.ddfl voitv, 

• New transformer insulating materials 
and conductors with lower tcmix'raturc 
coefficient of rcsistivitv. 

If enmigii Fivcal '57 funds arc avail- 
able. Doyle hopes also to launch tc- 




T HESE seven-ton bulldozers are truly research tools, 
for they are taking part in an exliausiive jjrogram 
for tlie study and revision of accepted methods of 
oscillographic recording system design and manufacture. 

Yes, Sanborn Company is on the movel The 
instrumciils above are levelling off small mountains 
of earth and rock in preparation for a new and modern 
Sanborn plant near Boston, Mass. 

Completion of the structure late this year will mean 
vastly improved facilities for research, manufacturing 
and otlier operations. This will directly and immediately 
benefit not only the work Sanborn does, but also the 
people who use Sanborn systems, amplifiers, recorders 
and other components. It will make possible more rapid 

increased op|>ortunity for a larger number of people 
to apjily their skills to the problems of modern 
insiimnciit design and manufacture. 

This represents not "just a new plant”, but 
a reflection of Sanborn’s growing role in providing 
better answers to industry’s oscillogra)>liic 
recording needs. 

Sanborn Company, Industrial Division, Cambridge 39, Mass. 


AVIATION WEEK, 


list 6, 1956 


289 



• COMPONENTS 



Engineering Products Division 

RADIO RECEPTOR COMPANY, INC. 

In Radio and Ekctromcs Since 1921 

240 Wythe Avenue, Brooklyn 11, N. Y. 


Navigation and Guidance 


RAF 
RE 


Advanced Radar Systems to extend 
the range of America's air poiver 


CKpericncc in research 
and engineers are 
ms of navigation and guid- 
t special systems, designed 
strategic air operations 
area control, 
that produce complex 
pulse trains capable of 
amounts of informa- 
n features make wide use 
other reliable sub- 
lure components. 


Present Radio Receptor 
systems under develppment 


search and dcwlopmcnt effort for new 
iiiagnctic materials and servo system 
t<iinponcnts. 

When the KCL first started thinking 
.tl'oiit the new lOOC coiiiponeiit 
program several sears ago. it found 
relatively little industry interest. Todav. 
however, the industry is tespoiidin| to 
the challenge and up to a dozen coii- 
tr.ictors liave Mihmitted jrroposals on 
each contract awarded so tar. 

Tire lab’s new program also liolds 
nn|3«itant miplitvitioiis for its Hlcctro- 
Mechanical Branch, headed bv Yale 
Jacob.s. riiis group is responsible for 
tlic development of the wide variety 
of important hardware that goes into 
avionic equipment, ranging from con- 
nectors to relays and from vibration 
isolators to power supplies. 
High-Temperature Radomes 

liCI.’s fladoinc Branch, headed by 1'. 
Behrens, lias a head .start over its sister 
brandies because it was the first en- 
counter the so-called thermal barrier. 
It already has some good ideas for 
nuiking radomes capable of operating 
at 500C, Kino J. Luoma, assistant 
hraiidi thief said. 

Aluininuin oxide looks good and as 
do a number of ceramics witli good 
dielectric constants and low losses, 'llic 
ceramics lack the tensile strcngtii of 
lowet-tcniixTafure organic materials, al- 
tluiugh tliev excel in compressive 
strength. The tcrvsile strength of 
.ilumimim oxide apptoaclics tliat of 
organic laminate materials. 

'llic major problem with these ma- 
terials is fabricating them into large 
size radomes. KCL is sponsoring a 
program at Oliio Shite University to 
develop saiidvvicli techniques for con- 
stmeting ceramic radomes out of two 
thin, concentric ectamic sliells. The 
nitcneiiiiig airspace will be filled with 

Radome designing involves three 
interrelated factors— aerodynamic shape, 
structural streiigtli. and microwave opli- 
ail properties. Luoma said radome de- 
signers have made iiiujor strides in 
streamlining r.idoiiie.v without sacrific- 
ing good mierovvave optical properties. 
In fact, better radomes can lx; designed 
tlian mil be built. 

I'lic design of a sharp-nosed radome 
still involves considerable "ent and try," 
Luoma said. However, this lias been 
speeded greatly by new automatic horc- 
sight equipment which cuts radome 
test time from several davs down to an 
hour. Aiiutlier useful tester, developed 
bv -Microvv'ave Radiation Co. under 
KCL .s|)onsnrvhip. is a "Surface \\’avc 
Dielcctroiiicter." 'lliis device, which 
pennits quick, accurate measurement of 
dielectric constant, and loss factors, may 
liccome a primary shliidard, l.iioma said. 

The Radome Btaneli is instrumenting 
a new test range, the most complete 
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. . . Precision Workmanship 
. . . Aircraft Experience 

Here’s a plant built for aircraft engine work. Our 
combination of engineers and craftsmen skilled in 
precision production will handle your most difficult 
machining and fabrication problems ... as well as 
welding, plating and heat-treating operations. 

If you need quality craftsmanship for any assem- 
bly, contact Allis-Chalmers, Terre Haute, Indiana. 


at your 


ALLIS-CHALMERS 




An example of the 
complete line of 

high-nltitude and missile inverters 



ivcrtcrs arul power 


Ab aircraft and niissiie perfo 
itundix Red liank designers 
developing new, iiigli-ircrfor 
paekagea. 

^ e now offer a eoniplele line of inverters from 6 VA I 
5.000 VA, including advanced apeeial-applicalion unit 
and missile t) |>e power packages like the one aliown abovi 

If we don' 
we'll design 
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uiniil 

p— '"ii'mi- 

Ml,. 


Deutned 

Type 

VPIU 

Amp,. 

Veil, 

niiw 




Xp" 

ul2 

7M 

1 

* 

‘ 


js'ooo 

24 







20 




MG-93 

27.5 

12 

115/200 


Inll 

55,000 

10 

£5134 

MG-S4 

27,5 

22 

115/200 



50,000 

1? 

£5106 

12142 

27.5 

22 

115 


irn 

35.000 

13 

£1617 













IIS 


250 

35,000 

13 

- 

vSci!? 

2U 


ns 

3 

500 

50^000 

26 

AN 3533-1 

32EOO 

27.5 

51 

115 


7W 

50.000 

34 

AN-3S34-: 


22J 

S2 

115/200 

* 

vn 

50.000 

35 

£52605.2 

MS4I 

27.5 

I2S 

115 


1750 

50.000 

54 

SSC6767 

ISIS 

27.5 

12S 

115 

3 

ism 

20A00 

37 

- 


22J 

ISO 

115/200 



50.000 

56 

E1725 

I 

<7 1 

ISO 

115 


2500 

50 000 

5S 

53SS227 


au 

Ho 

.."L. 

‘ 




53M227 

•32B49 

27,5 

160 

115/200 



50,000 

65 

£54*07 

MQ-BI 

27.5 

ISO 

115/200 

3 

ts 

50,000 


E1725 

MG-9S 

27.5 

ISO 

115/200 


TWO 

50,000 

58 

£54*07 

32E« 

27.5 

M 

115 



50,000 

M 

- 

32B27 

274 

265 

115/200 

1 


50,000 

76 

- 

•The» Ml 

erlerih 

.emein 

.t.M,0li6e.",l4t 

'type. 

aieseeed 


teselPlP., 


.2S)» 

veiup. 

«»n. 1 

pul 10 >p< 

teiUiw 

nite ..led 41274 

Oil, inpel. 


t have an inverter to meet your sjierific needs, 
one. For full details, write mil) bsxk divisidx. 

.TIOX COHPim VTIOX. KVTOXTOTVN, NEW Jlill.BliY. ^ 


Biviee: Bendis hlsmitionel Diyisior, 205 £. 42ed $1., New York 17, N.Y. DIVISION 

liUiipjler; AviiOen tlediic lid., P.O. Bo, 6102. Horltiil, Qiieoec 
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facility of its type in the nation. (See 
plioto. p. 287.) It will be used to check 
out transmission-reflection characteris- 
tics, beam pittem distortion, and borc- 

Advanced Development 

ECI. operates a small in-liouse re- 
search facility, the .Advanced Oesclop 
merit Branch, to explore new ideas or 
techniques which industry mav neglect 
because they have no iinmediatc com- 
mercial potential. These activities are 
in the areas of electron tube, semi- 
conductor. and component teebniques. 
Rcprcsentatii c research projects include; 

• Pyroletic and chemical deposition 
techniques for creating metal compound 
films whicli miglit he suitable for use 
in high temperature resistors. 

• ''Kiic-ball dischurge", a recently de- 
veloped principle whicli lias interesting 
possibilities for use in voltage regulator 
tubes. 

• High density plasma, wliich employs 
the basic interaction between electro- 
magnetic wases and ionized gases. Tliis 
principle can be used for some of the 
same functions noss- performed liv fer- 
rites, such as rotating microwas'c plane 
polarization, .Advantage of the new 
ttchiiiqiie is that it can operate at 
much losser frequencies and liigiicr pow- 
ers tlian ferrites- 

• New semiconductor materials, sucli 
as aluininmn-antiniony and indium- 
antimony, whicli appear to hold promise 
for transi.stor use. 

• Semiconductor surfaces and tlicir ef- 
fects on rcliabiiits'- Tin's is an investiga- 
tion of tlic po.ssibility of attaching semi- 
conductor leads in inert gas atmospliere. 
to ptci’cnf surface contamination and 
on treatment of semiconductor surfaces 
to prevent changes in characteristics 
with aging and use. ' 

lliis branch also monitors outside 
contracts in support of component de- 
velopments by other ECL branches. 

"AA'e hope to learn more about the 
causc-and-cffcct rclationsiiips in the 
manuf.icturc of transistors and take out 
some of tlic existing ‘black magic,’” 
Lt. J. L. Ilirshficld said. 

Aid to Industry 

ECL's Application and Design 
Brancli, headed by William Dei.s, is 
providing an important, but little known 
scti'ice to the aiionics industry. Con- 
tractors «'lio build ai’ionic equipment 
for US.Ar arc required to use “approved 
components" that have passed military 
qualification tests, whcrcrer such parts 
arc aiailablc. 

W'hcn a manufacturer proposes to 
used unapprosed components, he may 
submit reasons why approved prts 
cannot be used, and the results of his 
own tests on the new component. 

llic brand) has built up a file of 
contractor test results on a large number 
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RCA’s 
COMPACT, 
UGHT-WEtefff, 
HIGH-PERFORMANCE 
RADAR . . . 


a long step toward the ultimate weapon 


While the “enemy" plane is still Tar beyond the sight of 
human eyes, this new radar system detects it. Mounted in 
the intercepting aircraft, it provides a continuous How of 
information about the “enemy position." electronically com- 
puted in terms of range and rale of closing. When visual 
contact has been established, the firing is controlled by the 
pilot, aided by electronic calculations- 


In developing this compact, light-weight, high-performance 
radar. RCA has achieved a notable simplification of design 
with a minimum of components. As always, reliability and 
ease of maintenance have received top consideration. A fea- 
ture is the bright radar display that permits viewing in broad 
daylight without a hood. Lock-on may be manual or auto- 
matic as the pilot desires. 



otftHst fiEcrRONfC PROouers 


RADIO CORPORATION of AMERICA 

CAMDEHr N. J. 


Guided Missile Systems! 

Fire Control Systems 
Lorsn 

Bombing & Navigation Systems 
Reconnaissance Systems 
Infrared Equipment 
Military Television 
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of uiiiippto\cd components. It makes 
this (lata av.iilabic to other contractors 
to save them the time and expense of 
making their own test. 

Contractors can request infornution 
on an unapproved component by mail- 
ing a special post card fonii to KCL's 
Component Engineering Application 
Sa-tion, headed by Stillman Badger. 
If llic data requested is on file it is 
sent to the contractor. If not, the 
contractor is notified and his request 
is filed. 

If similar requests arc received. 
thc\- will be referred to the first con- 
tractor. who mav has’c run his own 
tests by then. 

Two-Way Street 

Badger emphasizrs that the ECL 
service is a h*o-way proposition and 
that it can not supply data unless in- 
diistiT tecipiocato. W'ithiu recent 
weeks five major manufactnrers have 
come in and offered to supply ECl. 
with all their as'ailable test data. 

Because this service saves industry 
and therefore US.M' both time and 
mone\, ECL would like to expand it. 

Data that ECL provides does not 
in itself constitute official USAh' ap- 
proval of tlic use of unapproved com- 
ponenfs, even thougli tlie data indicates 
that its use is feasible, but the con- 
tractor can cite the data as reference 
when lie applies for approval, 

Althougli the Application and De- 
sign Branch deals more in paper than 
in hardware, it has not escaped the 
tough radiation resistant development 
piogr.iin. The general engineering sec- 
tion. responsible for sisiling. printed 
circuit and cooling techniques and de- 
vices has its headdchcs. b'or example, 
the synthetics or rubber sometimes used 
for the scaling of avionic instruments 
and components is extremely susceptible 
to radiation damage. 

Special Areas 

Although industry now is doing most 
of the work on mccliani/ard assembly 
and printed circuits, the general engi- 
neering section is exploring spcckilized 
areas in these fields. It is sponsoring 
a program at Mallory to apply printed 
circuit tcdiniqiics to the design of re- 
lays as a step toward possible mccha- 
ni/ed a.sseinbly. 

Printed circuits, miniaturized com- 
ponents. transistors and mcehanized as- 
sembly arc typical of developments be- 
gun dr pushed along by the services, 
which now find growing uses in all 
segments of the electronics indiistrv— 
including the home entertainment field. 
It seems safe to predict that the Elec- 
tronic Components Laboraton's pro- 
gram to develop 500C radiation-resist- 
ant components will have an equal if 
not greater impact on the industry. ■ 


AIRCRAFT TRANSDUCERS 



^ PRESSUIE OPEtAnO POTENTIOMETERS 
Oulpuii: Linear and nonlinear functions oC 
applied pressure. « 

Reiiiloncesi 100 tO 50,000 ohms. 

Ranaeo 0-S to 0-5000 psi. 

Type!: Absoiuie and differential. 

Vibration Ambient: 0 lo 55 CpS, 0 (O 500 cps, 
and severe vibration 25g lo 2000 cps. 
Comiruciien: Hermetically scaled. 



^ RESISTANCE BRIDGE PRESSURE PICKUPS 
Seni:iiviry:5 mv/v at full scale. 
Rangei:0-10 10 0-1500 psi. 

Typei: Absolute and dilteremial. 
Contiruciien: Hermetically sealed. 



I ^ RESISTANCE THERMOMETERS 
I Re»itonce:5(oSOOohmsat32*P. 

i | Moierioii: Platinum or nickel, 

f Renae: “350 10 -t-2000”F. 

I Typei: Liquid, surface, gas. 

Clibracierliilci: Corrosion proof, severe vibra< 
tioD antbienl, fast speed of rehouse. 


"For Transdveers See T/ons-Sonics" 

^flG4lA-B04UOi, 9*ic.. 

P.O. BOX 328 • LEXINGTON * MASSACHUSETTS 
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Faced with llic problems of weallier 
phenomena, fuel miiniigemeitl ami emergency 
conditions, lliesc yimiig pilots lake iheni all in 
stride — and return safely to their “hase,” without 
pivr /earing lltr ground. Their training in an 
ERIIO lliglit simulalur is jusi like f fie rea/ l/iing... 
yet it eliniinates risk, both to lives and to costly 
equipment, conserves many valuable nian-kotirs, 


I’rodiiolion of the Boeing KC-135 simulator for 
the U. S. Air Force is one of the newest projects 
at ERCO, designers and builders of flight sim- 
ulators for more different types of military ,iir- 
cruft than any other manufacturer. Electronic 
masterpieces like this speed pilot and crew 
training, save the military countless lives, hours 
aiul dollars. 


Let ERCO design and prodiirlion fari/ities serve you when t/ie job caUs jor: 

EL.eCTRONICS • ANALOG COMPUTERS • AIRBORNE ARMAMENT 
GUIDED MISSILE COMPONENTS • COUNTERMEASURES • MACHINERY 
AIRCRAFT EQUIPMENT • SHEET METAL FABRICATION 


Qcr 


INDUSTRIES, INCORPORATED 
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SMPLIFIEO TUNING SYSTEM FOR 
AIRBORNE UHF COMMUNICATIONS 


TOUCH 

SELECTOR 



FISeXtENCY 

INDICATING 

MODE 


REMOTE INDICATOR FOR 
INSTRUMENT PANEL • 


PRESET 

CHANNEL 

INDICATING 

MODE 


USED WITH CONTROL PANEL 
ONLY OR WITH TOUCH SELECTOR 




NEW COCKPIT isdio clisnnci remote tuning indicsiot. 


Visual Presentation of Messages Planned 


Wright-Pattetson AKB. Ohio-lliis 
ycat Air F'orcc pilots will start getting 
more of tlieir ground to air communica- 
tions tiirough their eyes and less 
tlirough their cars. 

This is perhaps the mo.st sigiiific-.int 
trend in Air Force ground to air coiii- 
tminications. according to X. Braver- 
inan, technical eonsimant at Wright 
.\ir Dcselopmcnt Center’s Coininmiiea- 
tioii and Navigation Laboratory. 

F ifteen tears ago. pilots received bntii 
eoinmunications and priniarv naviga- 
tion infoniiation (lotv frequency 
r.ingc'l through their cars. Oinnirangc 
(VOR) and Tacan shifted tlie luniga- 
tioii data from ears to eyes. With flic 
advent of USAF's new "Data Link, ” 
most of the routine grnimd to air mes- 
sages will be displayed on cockpit iit- 
stnimcnts, and in some cases, simul- 
taneously introduced into the airplane's 
automatic flight control ssstem. 

Data Link offers USAF several 
iiii|5ortant advantages over voice com- 
munieafions; 

• .Aiitomaticity. Data Link instructions 
can be generated and tran.sniittcd auto- 
matically by ground controlled intercept 
computers Isiicli as S.AGE) or automatic 
traffic control computers such as Vol- 
scan and directly introduced into the 
airplane's flight control ststem. 

• Spectrum Conservation. Data Link 
makes much more efficient use of the 
overcrowded radio spectrum because 
commands can he transmitted far more 
rapidly than with voice. 

• Private Address. Data Link instruc- 
tions arc received only by aircraft to 
which they are addressed, unlike the 


partv line .svstem of voice communica- 
tions now in use. 

• Less Chance for Enor. Because Data 
Link instructions arc visually displayed 
ill the cockpit, there is less chance for 
misunderstanding. Because instructions 
remain on dispLy until changed b\ 
ground, there is less chance that a tired 
pilot will forget them. 

• l,css Operator Skill, Data Ling in- 
structions can be sent by liimian opera- 
tors merely by pushing the ap])ropriatc 
buttons. This means operators can 
transmit messages with little training, 
USAF Data Link 

WADC's C Sr N Labfiratory is 
responsible for development of the air- 
borne Data Link decoder wliicli operates 
in conjimctinn with the airborne UIIF' 
receiver. Rome .Air Development Cen- 
ter has overall responsibility for tlie 
Data Link system and the ground-based 
equipment, llic present sy.stcm was 
designed bv General Electric Co.’s 
Electronics Division. 

Because of security, little can be said 
about liow the svstem operates except 
that it transmits mcssitges as a burst 
of pulses. Flach message is addressed 
to the specific aitpFane(s) for which it 
is intended. Tlie message may contain 
desired heading, altittidc. airspeed, etc., 
as well as specific commands, such as 
"return to liasc." "lower flajjs." 

■|1ie present Data Link also combines 
a novel Scleal (selective calling) svstem 
for voice communications. If the pilot 
sets his manual controller to "private 
line" he will hear only voice communi- 
cation the ground controller wants to 


direct to his attention. If he sets the 
control for "|Hrty line" operation, he 
will hear all ground to air communica- 
tions on his ehanncl. as with present 

C & N Laboratory 

W.ADC's Communit-ation and Navi- 
gation Laboraforv eniisists of five 
Bninchcs; 

• Cumininiie-atioiis, under George 
Schecr )r.. icsijonsible for the develop- 
ment of all tvi>es of airborne commu- 
nications equipment, including voice. 
Data Link, tcletvpe. and sjiecializcd 
items such as public .iddress and intcr- 
commuiiieatioii svstcinv, 

• Groiind-Rcfcrciice Navigation, under 

C. S. F ranklin, responsible for airborne 
mivigation receivers such as \'OR, 
T'acan, .Navarho llong-distancci, auto- 
matic direction finders, radio 'radar 
altimeters, and air-rescue devices and 
airborne Iseacoiis. 'I bis group also has 
rcspoiisihility for ground-based Ilii 

• Techniques, under R. E. Kestcr. 
icsponsiblc for developing new tech- 
niques tor a|)plic.ition to airborne 
antennas, anti-jamming circuits, and m- 
tcrfcrcncc iirevcntimi. 

• Systems Engineering, under Lt. Col. 
\'. FI. Redding, responsible for insuring 
that the installation of C S.- N Labora- 
tory cc|uipmcnt in new aircraft and 
missiles will provide optimum perform- 
ance and case of maintenance. 

• Measurements IDcvdopment, under 

D. L. lasiie, respoasiblc for test and 
evaluation of C & N-developed equip- 
ment and development of maintenance 
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FOR SAFETY AND 
COST REDUCTION 
IN COMMERCIAL 
■AND MILITARY 
AIRCRAFT OPERATION 

From twin piston-engined 
transports to eight en- 
gined, long range jet 
bombers, twelve leading 
warid airlines and the Air 
Farces have selected Sim- 
ulators by Curtiss-Wright 



Curtlss-Wright has in pro- 
duction or in service a to- 
tal of 25 Simulator types 
— eight commercial, 

1 7 military. 










PA!\[ Autericaiv^ 

will pre-fly its jet liners 
in electronic 

- SIMULATORS 

built by 

CURTISS-WRIGHT 


Electronic flight Simulators built by Curtiss-Wright save thousands 
of manhours, millions of dollars yearly for the Air Forces and com- 
mercial airlines of the world. 

Simulators are designed around the actual crew compartment of the 
aircraft they represent. Ail instruments and controls function normally, 
reproducing the conditions of true Right in all seasons, over all the 
world's air routes, Crews develop coordinated reflexes to meet every 
flying condition — but in Simuiaior-hour.s, and on the ground. 

Pan American World Airway.s and Curtiss-Wright pioneered flight 
simulation in 1948. Since then, 12 leading world airlines have ordered 
Simulators built by Curtiss-Wright. 

Now Pan American has taken the lead in ordering Simulators from 
Curtiss-Wright for the new Douglas DC-8 and Boeing-707 jets: its 
crews will have thousands of hours of experience to assure the safety 
and comfort of tomorrow's jet passengers. 


patents of R. C. DfHMEl AND CURTISS- 
WRIGHT. Canodion licensee; Canadian Aviation Electronics ltd., Montreal— Rrllish licensee: 
Redifon ltd., london— French licensee: Socletg d'Electronique et d'Automotisme, Paris 
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testers. This branch also provides sup- 
porting engineering services to other 
branches. 

Tlie crowded cockpits of inodeni 
jets base pushed tlic pilot's radio re- 
ceiver channel selector console into 
spots where it is difficult for the pilot 
to see the channel markings. To get 
around this. Comnninication.s Branch 
is sponsoring desclopincnt of n remote 
channel indicator which would be 
niimntcd on the cockpit instrument 
panel. Small digital counters will 
clcarh' indicate the channel frequener 
selected. 

The next step is to provide "toucli 
tuning”— push buttons on tlic pilot’s 
control stick, or on a separate grip- 
shaped touch selector, which will per- 
mit remote selection of any desired 

'^thcr recent developments within 
the branch: 

• AN/ARC-22, a complete communica- 
tions-navi^ticn package weighing less 
than 100 lb., for use in helicopters and 
liaison planes. It includes a two-wav 
I'Nf communications rcccKcr operating 
in the 24 to 62 me. band, a homing 
des'icc. two-way UIIF communications 
set. \'OR receiver, LF/MF direction 
finder, marker beacon recciser, and 
interphone. It was deselopcd bv Bcn- 
dix Radio. 

• “Talk Down,” a parachute-homc |juh- 
lic addrc.ss system and tape recorder 
which can be dropped from an airplane 
(wer encmv troop concentrations. At 
I0,000-ft. altitude, the AN/AKH-Ts 
parachute automatically opens and it 
deliseis a 3-5 min. canned message as 
it drifts down. 

• "Big Mouth,” a huge, powerful air- 
borne loudspeaker, c-.ipable of handling 
nine kilowatts of audio power, which 


also can he used to broadcast to enemy 
troop concentrations. If was huilt by 
the Baldwin Piano Co. 

• Airborne telebpe, a small, light- 
weight unit which can be used svitli 
USAF's ARC-21 or ARC-38 IIF sets. 
Developed bv Kieinsehiniclt Lib.s, Inc,, 
it is the first specifically ricsigned for 
airborne use. 

• Oxygen warning signal generator, a 
small transistorized desice which gen- 
erates a pulscd-tone signal in the pilot's 
headset when flic pressua- of his oxvgen 
supply falls too low. 

Schcer said his grinip intends to take 
a fresh look at basic communications 
techniques. It will examine whether 
techniques other than prc.scnt electro- 
magnetic radiation can be osed. 

The branch is socking means of 
as'oiding aororal black-outs of 111' com- 
iininications in the |)olar regions, and 
Schcer said rcccntiv developed tech- 
niques look promising- 
Navarho Tests 

I'Tight of new airborne Nas arlio long- 
distance navigation receivers now are in 
progress, according to Saul Weissman, 
assistant chief of the Ground-Reference 
Navigation Branch- Tests results to 
date arc encouraging. Weissman also 
believes that an airborne frequency 
standard, (required for the distance- 
measuring portion of Navarho), which 
must maintain its frcqiicncv to within 
one part in one billion, for a perioii of 
six hours, can be athicsed with an ex- 
tension of present ciystal tcchniqnc.s. 

Tlic laboratoiv is sponsoring feasi- 
bilit}' studies on an ‘'atomic clock''- 
making use of the natural inolccnlat 
resonant ftcqucnc}' of cesium. Although 
the atomic-clock typo of frcquencs 
standard now appears too complex for 


airborne use, it could be used as a 
siipcr-accurate frequency reference for 
thceking tlie airborne crystal frequency 
standard, Weissman Slid. 

Air Rescue 

The C & N Liiboratory devotes a 
major effort to air rescue. \ eurrent 
dcs'clopment nearing completion is the 
AN/AR'l'-27 rescue beacon, which will 
be eatiijHilted from an airphme at the 
instant ot a crash. 'Ihe bcucon will au- 
tumaticallv align itself into operating 
position, erect its antenna, and send out 
a coded alarm (on the Ilh' and VllF 
bands) which identifies the downed 
jilanc and svhich can he used by 
ground-based direction finders to pin- 
|inint its location. 

Ihc laboratory is dcscloping a tran- 
sistorized version of its AN/URC-Il, a 
small two-way UUF radio for downed 
pilots, which went into production last 
ve-ar. The URC-11, only slightly larger 
than a pack of king-size cigarettes, pro- 
vides tw'O-wai’ eoimnunicutions at dis- 
tances nj) to 60 mi. The battery pro- 
vides up to 24 hrs. of transmission and 
reception on a 30/30 duty cycle. With 
the transistorized I’crsion, WADC 
hopes to (loiilile battcrv life. 

Getting small, lightweight, long- 
lived ]>()wcr supplies for small personal 
radios is a rc:il problem, Weissman said. 
'Ihe laboratnrv is investigating solar 
cells, both as a primary power source 
and as a scconelaiv .source to recharge 
lotteries, and imelciiT-powcicd thenno- 

'Ihc Groimd-Rcfercticc Nai’igation 
Branch also is seeking a fool-proof h”e 
of automatic flare-out dcsicc whicli 
will enable aircraft to make automatic 
or scmi-autoniatic touchdown in ad- 
verse weather- Hazcltinc Electronics 
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ASSIGNMENT ATOM 



he emergence of atomio ’energy finds the 
finest scientific minds everywhere 
committed to the immediate task of 
trending this vast reserve of power to the 
aspirations of mankind. 
In Canada, Canadair has been charged by 
the government agency, Atomic 
Energy of Canada Ltd., with designing 
and developing the first nuclear reactor 
intended primarily for reactivity 
measurements. When in service with the 
government’s Chalk River plant, 
this reactor will help in the search for 
the type of nuclear fuel that eventually 
will enable man to tap an almost 
unlimited source of energy and harness 
it to his growing needs. 


A reputation for imaginative precision. 

engineering, hacked by advanced 
scientific research, enables Canadair to 
take Its place among those who devote 
their best skills to the advancement of 
human knowledge. 




• COMMUNICATIONS 

Corp.’s APN-7I is one such clc\clop- 
incnt. A more rtcciit one wilt use Hic 
.\N/APN-9-t riitlio altimeter iluvclo)>cd 
by Raulicon Mamifactiiring Co. and a 
fi'aic-patli computer ilcvciojicd In Nortli 

biviviuii. 'tlic new system will tiike roll, 
saw and piteli attitiKle into account and 
use acfclcromctcr.s to measure iustaiita- 
ueous vertical acceleration. 

Mid-ait collision is a pressing military 
ptciblem as 'veil as a cisil one. The 
hrancli is studying the proximity warn- 
ing desice problem and .several recent 
unsolicited iiidustrv proposals. Weiss- 
man said. Tcelniiques now used for 
flight formation station-keeping ate be- 
ing studied, he said, but \\'.AI7C bus 
no .specific pmgr.uu muler way now. 
Improved Antennas 

A new antenna couplet, developed 
by Andrew Alford Consulting Engineer, 
ihf. mav solve a pressing ctmmmni- 
eiitions problem by eliminating blind 
spots now encountered in UilF cover- 
age- If an aircraft is ctjiiipiKd with onlv 
one UIII'' antenna, phase nulls may 
ivuisc inomeiiturv blackout of reception. 
If an antenna is used on the belly and 
another oiv top of plane, one normally 
will have mujhstructccl communic.itions 
i-jpabilitv. Previimslv. Iiowcver. this 
rei|nired some sort of aiitmnatie switch- 
over because both antennas could not be 
euiipled sinmltaneoiislv to receiver. 

The new Alford coupler allows botli 
antennas to be ermneeted sinmltane- 
i.iislv by eontimumslv varying the phase 
of their ineoming signals at .in extrenieb 
high rate, averaging out the nulls in the 
two .mtemia signals. 

N. C. Dragaiiiac, bead of the antcima 
section of the reclinii|iies Braneli, re- 
ports that the new ccui|)ler has been 
.snece.ssfully tried for air to iround. 

The design of high ftequencT (IH'T 
antennas for jet aircraft is "one of our 
biggest problems,'’ Dragaii|ac s.ikl. The 
fiisclnge of a jet interceptor is too short' 
to serve as an antenna at the low end 
of the band. 

The probe tyire aiitcima. ciuientiv 
being evaluated iiivdcr C N laibora- 
lory spon.sorsbip by Boeing Airtilinie Co. 
oil its 707. a|)pcars promising but not 
as good as the isolated tail cap type. 
Where the isolated tail ea]i cannot be 
used for striictiirai reasons, the probe 
])robably will conic into use. 

The new iiiglicr power lib' sets, siicli 
as the Collins ARC-s(S (rated Ikvv.). 
raises iicvv corona problems for tlic 
antcima designer bccniisc of iiiiicb 
liiglier voltages. 

Dragnajac said more Ixisic research 
is needed before US.AF can conic u|5 
with a good high frequenev airborne 
direction finder. A simple IfF homing 
svsteui appears closer at hand. ^ 



HIGH ACCURACY 


CORROSION RESISTANCE 


NEW HIGH TEMPERATURE STABILITY 


LOW IN PRICE-IMMEDIATE DELIVERY 


Parrott 
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‘free space” 
rooms . . . by 


McMillan offers a PreinfariCBled “Free Space" Doom which can easily be 
assembled, dismanlled or changed in size. The room comes m "madulai’' units, 
cohsislirij of structural steel frames 4' « 8', which are easily bolted logelhei to form 
the size room for your requirements. Strong plywood panels, mounted with the 
proper microwave absorber, are then Quickly clipped into place on the framework 
to form a complete portable “free space" room. 

McMillan modular “free space" rooms can be produced for either Indoor or 
outdoor use with whatever type absorber may be reouired. Generally, McMillan 
Type “BL" is used on ceiling and walls due to its light weight, while floor panels 
utilize McMillan Type “SIT, which can be walked on without affecting its electrical 
performance. “Modular" panels are usually backed witn copper shielding to prevent 
k.F. disturbance from outside. 

McMillan also produces Permonent "Free Space" Rooms to meet your 
specific requirements. For such rooms, McMillan offers a complete design and con- 
sulting service in addition to the materials lot the room. 


special microwave absorbers 



McMillan also designs and produces their microwave absorbers in special con- 
figurations to meet specific size and shape requirements as well as for unusual 
environmental and temperature conditions. 




MCMILLAN INDUSTRIAL CORPORATION 

Browiwille Avenue • Ipewich, rvlaasacnusette 



Weapon Guidance 

W riglit-Patteison .\FB, Oliio— M.rk- 
itig iiitplaiics into Wiitpl.mc.v b\ niCiiu;. 

Ilf complex avionic cqiiipiiiciil that 
viiablcs them to deliver himibv, bnUets, 
rockets ami niissiks is the responsibility 
oF Wright Ait Development Center's 
W c.iponv Guidance laboratorv. 

The new mnne for WADC's old 
.\rmament Laboratorv reflects iic« re- 
sponsibilities assigned during lust year's 
regrouping of laboratories here, the 
shedding of some old ones. 

New areas include; 

• Iiie-tfial guidance and aiitoinatic dead 
reckoning coinpnters- 

• .\irbomc countetmtasures. Old -\nna- 
ment LibotJtorv responsibilities now 
assigned elstnvhete include: 

• M'capon devcbpinent (in the strict 
sense of the word— that is. guns, rockets, 
etc.l. now carried out bv .\ir I'orcc 
Armament Center, F.glin (•Ta. 

• Flight control now under the ne'W 
Might Control Laboratory. 

Functional Grouping 

1 hese changes reflect a basic \\'.kDC 
philosophv of gron|)ing activities ac- 
cording to their fniictinn.il use and 
relationship. 

h'or instance, carls bomber defense 
consisted of flexible guns or inhabited 
turrets out of which present automatic 
radar-directed gnu turrets ha'c come, 
llowcscr. the growing threat of r.idnr- 
dirceted missiles and intcreeptors equip- 
|jcd with automatic radar fire control 
svstems has focused attention on 
coimtcrmcasnre teclmi<iiics. 

Klcctronic Conntermeasiircs (ECMl. 
mas cmplov different techniques than 
those used in radar gim turrets, hut 
there is ;m obvious functional rclution- 
siiip and need for coordination behscen 
the two. 

Inertial guidance and other dead 
reckoning navigation computers pro- 
vide anotV-r example. Inertial guidance 
developments fornictlv were split be- 
tween the C &- N Dtbotatnn and 
\\'GL. However, the new teehiiiqne 
showed significant advantages for ajipli- 
cation to bonihing systems. For in- 
stance. an inertial type bombing system 
would emit no tell-tale radiation over 
cnemv territory ,ind could not be 
lammcd. 

Since inertial guidance is but one 
forni of dead reckoning computers that 
might be used for such purposes, it was 
logical to transfer all types of dead 
reckoning to Weapons Guidance. 

'Hic future military usefulness of 
inertial guidance "has been enhanced 
bv several recent developments." James 
V. Burke, Technical Dircctnr. says. 

The Laboratorv ’s eight bmncltes and 
their responsibilities; 

• Strategic Bombing, under Lt. Col. 


AVIATION WEEIC, 


6 , 


Missions Revised 

D. K. IX-an. bombing systems tor 
Strategic .kit Command .lircraft. 

• Tactical, uiidet Lt. Col. D. F. Shea, 
fighter fire control and bombing sys- 

• Interceptor Svstems, under Lt. Col. 
W . D. )imcs, mitomatie radar-ditceted 
fire control systems for interceptors. 

• Weapons Defense, under Col. [olin 
M. Joliaunes, development of active and 
passive bomber defense systems. 

• Guidance Development, under R. L. 
Houser, airborne missile guidance svs- 
tciiis plus terrain clearance equipment 
tor piloted aircraft. 

• Navigation, imdct R. W. Ittclson, 
inertial guidance, buinbing, and dead 
reckoning svstems. and heading refer- 
ences for bombing-navigation svstems. 

• Analysis and Design, under R. W. 
Hommel, mathematical and design ser- 
vices for the other branches. 

• Services, under R. M, Ferguson, op- 
erates flight test and range facilities. 
Navigation Branch 

Several interesting unclassified devel- 
opnicnts of the Navigation Hr.uicli arc; 

• ,\N/ASN-9 dead reckoning com- 
]>uler, an extremely small, transistorised 
system for use in fighters ami hcTi- 
copters. The .\SX-9 weighs only nine 
pounds and cniplovs plane rather th.in 
splicrical trigonometrv in its calcula- 
tions to hold down coinplexitv. It is 
expeeted to have an inherent error of 
no more than two per cent. Initially 
developed bv the C&-N Laboratory, a 
prototype is being built by f.ibraseope, 
Inc., for dciivcrv in October. 

• Type B-1 bomber heading reference, 
cim.visting of an extremely low-drift 
directional gyro mounted on a gyro sta- 
bilized platform. 'Hie rcquircniont for 
a platform-mounted gyro reference stems 
from the greater maneuverability of 
high-speed bombers coupled with the 
demand for greater accuracy- The B-1 is 
being developed bv Kcarfott Co.. Inc., 
vvhicb also has developed a lightweight 
Type J-4 platform stabilized gyro ref- 
ct'cncc for fighter planes, T'he J--1 has 
a drift rate of about three degrees per 
hour and weighs less than T2 lb. includ- 
ing associated amplifiers and controls, 

• Sub-miiimtuie compass transmitter, 
now under development, will measure 
only 2x2xli in., yet will provide t 
degrees freedom of motion in pitch, ± 
1 i degrees in roll, 

• F.Icctric ground swinging technique 
for compensating gyro-compasses- TTiis 
ne'W technique, developed bv Sperrv 
Gyroscope Co., under \V.kDC sponsor- 
ship. will make it possible for two 
people to calibrate a gvro compass in 
2-J lirs. without moving the aircraft. 
Present methods require five people, a 
special facility, and up to eight hours. 
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★ AUTOMATIC 
FLIGHT SYSTEMS 

AUTOMATIC PILOTS • AUTOMATIC LANDING APPROACH SYSTEMS • FLIGHT DIRECTOR SYSTEMS 

^AIRCRAFT 

INSTRUMENTS 

AIR DATA COMPUTERS • NAVIGATIONAL COMPUTERS • FLIGHT, ENGINE AND NAVIGATION INSTRUMENTS 
FLIGHT GYROS • GYRO FLUX GATE* COMPASSES • POLAR PATH* COMPASSES • STABLE PLATFORMS 

COMPONENTS 

GYROS • LOW INERTIA SERVO MOTORS • PACKAGED SERVO MECHANISMS • PYGMY SERVO MOTOR 
GENERATORS • RATE GENERATORS (TACHOMETER GENERATORS] • RADAR ANTENNA DEVICES • SYNCHROS 



You can do no belter than to specify Eclipse-Pioneer Division, Bendix 
Aviotion Corporation, Teterboro, New Jersey— foremost developer ond 
monufacturer of these systems and products. Let "by Bendix" be your 
guide to buy Bendif. 
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Arrrtamenf Center Puts 'Cutting Edge' on Airpower 




HIGHER SPEED, GREATER SAFETY 
f or the Aircraft 
You Design 



Flutter has always been a problem with aiierafl. 
Especially since transonic spceils have been reached 
and passed. And Iloudaille has solved it with the 
Hoiidaiile Flutter Damper. 

Back in 1950, Homlaillc started an intensive high 
frequency flutter damper program. As a result- most 
new high performance aircraft now have Iloudaille 
Flutter Dampers. 

The Houdaillc Flutter Damper is a eompletely 
self-eontained, procision-hiiilt hydraulic mechanism. 
We will gladly lielp you make provision for a fliiUcr 
damper at the aircraft design slrif’c. This plan olTers 
much simpler and less costly installation if a flutter 
damper is needed at a later date. 


HOUDAILLE INDUSTRIES, INC. 

BUFFALO HYDRAULICS DIVISION 
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Providing Airpower’s ‘Cutting Edge’ 


By Evert Clark 

Fgiin AFB, Flil.-UntiJ a year ago 
the Air Force ,\rmauient Center had 
one priinan mission— testing new 
weapons. Since then it has been given 
the added task of swordsinitli— 
developing ttic annainent tliat Gen. 
Jimmy IToolittle called ‘■the cutting 
edge of iiirpower.” 

This new assignment is tspical of 
AF.AC's growth in the font and one 
half years since it became a part of 
till- Ait Researcli and Development 
Command. 

It still i.s only a tenant at the Air 
Prin ing Gmmid Coniinand’s S40 sqiurc 
mile rcsersatioii here on Florida's north- 
west shore. Blit its ranges now stretch 
ftoin flic Calf of .Mexico into Massa- 
eliiisctts and from Idaho to Puerto 
Rico. Its work on such things as 
rocket goiis and bomber defense mis- 
siles half broiidciied the scope of its 
effort in the same «ay that technology 
has increased its need for new ranges. 

k\’hen Maj. Gen. Edward Pont 
Mechliiig. then a colonel, took com- 
mand in Ecbnuirj- of 1952, AI’AC’s 
daclopinent bisks numbered 50. Its 
bndget for oircrating funds and research 
and dtveiopnient totalled less than S5 

Budget gt $23 Million 

The center now has development as- 
signmemts running almost to 500, a 
civilian and militarv- staff that has grown 
from 600 to 2,000, and an operating 
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iiiul rescardi uiul development budget of 
nlmosf S2? million. 

It is Al'WC's job to iiiitiute dcvclcip- 
incnt of. supervise unci test ;ill iion- 
iiuckiir imiiiitions for the Air I'uree. 
nitli mo.st ARDC centers, mote than 
two-thirds of the work which AI'AC 

I'hc critical iiecti for integrating arm- 
ament into supersonic airframes makes 
Ah' AC's job no easier. Kqiiipmcnt bakes 
longer in research and development 
than the airframe itself-so it must 
be started earlier. If the test job is 
to be done properly, development of 
intricate new test cquipmenit somctinies 
has to begin almo.st a.s srani as a new 
gun or rocket is concehed. 

Gen. .Mcchling docs not feci that 
hydrogen bombs and mielear warheads 
hare put coincntional weapons out of 

Local War Concepts 

"'Ilie increased prolwbility of the 
delay of all-out war means local or peri- 
pheral wars remain a very important 
problem." Gen. Mecliliug said. '.k 
large lumibct of people consider we 
slioitid be able to do a good job with- 
out nuclear weapons. 

"If you sbirt with a sinall-.scale nu- 
clear hang, botli sides can bnild up pro- 
grc.ssis’ely to get a big bang, [f sou 
nave the capabilits of stopping tlie 
thing quickly you nias' in ciid tliis. 

"The concepts of limited svat arc 
being studied from tlic W'ar Plans Di- 
vision dossil through major coininand. 
teqnircment ami deselopmcnt chan- 
nels," Gen. Mcchling said, "and no 
os’crali anssver has been gisen set." 

Meamsiiilc, work continues 

along hso inain lines— "exploring sshat 
ss'c realls' need for the future as sscll 
as dt’Sclo|>ing sshat is already imder- 


Teehuologieal progress lias done 
more to affect the center's das-to-das' 
efforts than the des elopmcnt of miclcat 
fireposs’cr. 

Aircraft travel at more than tsvicc 
the speeds of a few years ago. Rocket 
pro]>e1Iiints and gun gases sometimes 
behave uiiexpcetcdly in tlie thin, cold 
air ot high altitiide.s. 

.\ pilot inav ncs tt sec his target be- 

and the path that a bomb or ])rojeetile 
takes may be inflncnccd not onlv bv 
speed and altitude but hs its sliaiic and 
the ssay in svhich it is fired or released 
from tlie aircraft. 

Gnus svill still be used on many air- 
cnift for the next 10 scars. Gen. 
Mceliiiug said. 

“But tlica' is considerable feeling 
that in the future, for mans combat 
purposes, guns ssili not have sufficient 
range 

“I he concensus is that armament 
is going ill flic direction of items of 
longer ranges and more sopliistieited 


Moj. G*n. Edsvard Pont Mcchling, Cons- 
. . . ordnance expert and author of 

born Knoxville, Tenn., 1904*. . . grod- 
jole U. S. Militor/ Academy, 1927 . . . 
graduate Army Ordnance School . . . 
holds mechonlcol engineering degree, 
Mossflchusetls Institute of Technology 
. . . served In ordnance and staff posts 
with 8th and 15th Air Forces in Europe 
and Mediterroneon theaters, on Army 
General Staff and os Chief Ordnance 
Officer . . . tronsferred to USAF Novem- 
ber, 1947 . . . served on Air Staff, in 
Wor Plons Division and as Deputy Di- 
rector of Armament at ARDC Head- 
quorters , . took command of AFAC 
on Feb. 8, 1952. 


tspcs-sophisticatcd contrulied rockets- 
inaybc pnigtammcd. masbe seeker. 
Must iviil require biith tspes of svar- 

Organization Modified 

In additiun to its ness development 
assignment, .\1'AC has been handed 
nciv rcs|)(msibi!itics in the billistics 
field. These ness ta.sks plus further 
applieatkni of management techniques 
base resulted in organizational changes 

Directly below Gcii. Mcchling and 
his \'icc Commander, Col. Eugene A. 
Roinig, a Deputs Commander for De- 
velopment (Col. I'tank M. I'azio) and 
a lieputy Coiniiiandct fur Testing (Col. 
.krtinir \\'. Ctuikshunk, Jr.) have been 
established. 

Under Col, Eaziu. an .Mr Munitions 
Devdopnient Laboratory has been 
fonned- The nuekus of its 130 person- 
nel ivere transferred from the old Arma- 
ment laihoratory at M’risht .\ir De- 
velopment Center earlier tfiis scar- Lt. 
Col. Jan M. laiitos svas shifted from 
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Contributing 
precis! on- made 
cockpit enclosures to 
America’s air arm 


The Cessna T-37 will help to train 
tomorrow's jet pilots faster and at less 
cost. An enlarged cockpit enclosure made 
by Kuwneer gives the instructor and 
trainee improved visibility. With our 
knowledge of acrylics and specialized 
facilities in our new, modern plant we are 
prepared to take the complete 
responsibility for your cockpit enclosure 
program. Our forming, routing, edging, 
optical testing and glazing to metal 
facilities are available to produce any 
part of your cockpit enclosure — from the 
acryUcs only to the complete assembly— 
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executive officer to luxid tlic nen' lab. 
It is divided into a Cun and .Ammuni- 
tion Branch, a Rocket Bnincli. a Bomb 
Brandi and a Biological and Clieiuical 
Warfare Branch. vvTiich is responsible 
for developing "rctaliatoiv ca|Mbilitv. 
both defensive and offensive” in the 
BW-CW field. 

I’d prove out the products of devel- 
opment there is an .Arniamcift 'I est 
Kqiiipment Lahoralorv’ lic.ided by Lt. 
Col. Jack K. Sim. lie must have test 
instrumentation on the ranges and in 
vviirking order by the time the .Arma- 
ment laiboraton or a eontractor is rcadv 

The old olfiee of the Dejnity Chief 
of Staff for Test Operations has Inren 
abolished. Col. Cruikshank, Hie Dep- 
uty for Testing, lias an assistant and 
Teelmic-.il Director. W'iiliam C. Laz- 
arus, who holds the tester's first Civil 
Service "super-grade'' CS-16 rating. 

Col. Ctuifcsliank snpenises four Di- 
rex'torates— .\irbome Systems Testing, 
Munitions Testing. Ballistics and 'Teeli- 
nical Support. 

Ballistics Mission Added 

The Ballistics Directorate, new this 
)ear. is responsible for developing all 
the -Air l•'o^ec■.s firing and bombing 
t.ibk's. including tliose for nuclear wea- 
pons. It .studies not only ballistics and 
terminal effects but the fundamentals 
of blast phenomena, fagmcnlaiion, 
hvpervclocity. etc., as they relate to the 
wav bombs, rockets and gim projectiles 

•Al'.VC also eoiitinucs to draw sup- 
port from its Technical .Advisorv Grovip, 
a long-time dream of Gen. Mttliliiig's. 

Ccn. Mcebling set up the 'T.AG al- 
most five years ago. It was a grinijj of 
20 civilian advisors from univcrsilicv 
and industrial firms, picked to help 
vviHi the problems arising froiii deveUi|v 

and six mm-member consultants, di- 
sidc-d into four |3imels cm annament 
testing and instrumcnt.ition, ordnance 
development and teting, bacteriologic-.il 
and chemical warfare cfevclopmcnt ,md 
testing, and data analvsis and process- 
ing. ■T,\G’s r.xccntivc' Director, llcnrv 
M.iiihliagcn works at the tenter as ii 
fnll-tinie liaisuii man and coordinator, 
and the [xmels meet there twice a vear. 
New Test Ranges 

Dcvc'lopmait of fire-control and 
bombing-navigation systems was left at 
the Wright .Air lOcvelopmciit Center 
when other armament work was trans- 
ferred to .AI'.AC. but AF.AC lias flic 
rcs])tin,sibi!ity for providing test ranges 
and testing cxjuipmciit for these svs- 

-Af'AC has eoni])letcd or is asking for 
several new ranges; 

• Inertial Systems Range, prohiblv the 


world's largest range complex, acejuired 
at tilt lowest cost. It consists of three 
segnieiits-aiivvays along vvliich 30-mile- 
vvide .sectors of land, spaced 33 miles 
apart, have been carcfullv' surveyed .md 
pliotograplicd to give radar and optical 
check|!iiints. Since a north-south lic-ad- 
ing is desirable in testing inertial svs- 
tenis. one segment extends ftoiii ligiiii 
to the Cambridge Research Center at 
Ilansfom h'itltl. Mass. .Anotlier runs 
from I'lglin west to Holloman .U'B, 
N. M.. and the third-almost 4.000 
miles long-stretches fmm Mountain 
Ilmiie, Idaho, through the missile test 
range at Patrick .\1'B, I'la.. to Ramev 
.\KB ill Puerto Rico, 

Facli segment ends in proving 
grounds or radar bomb scoring areas, 
so bombing ca|jability c-.m lie tested 

-All instninicntaHon is carried in the 
test aircraft. Using vcttic-.il photos, 
radar and time and vviiiil informafion. 
a navigator can test his system aceii- 
r.itelv. 

■|1ic range was laid out bv .\T'.\C 
with the lielj) of ,\ir I'orce's Aermiau- 
tic-.il Cliart and liiformatiiin Center in 
St. [.mils, I.t. Col. Marvin Is. Kav. 
Director of .Virboriie Svstems 'Testing, 
said a technical note written about 
ihe range one year ago biought "an 
impretciloiited response, imisth from 
contractors." .\T'.\C has te^ta^;^t least 
one coiitrat'tor-develo[x;cl inertial sys- 

• Joint Range. USAP'. Navy and ,\KC 
want to eshiblisii this neat existing 
ranges in tlic .Albuquerque, \. M„ area, 
laiz-ariis said the range is needed lic- 
cause of ''iiierenseil vcrsatilih of lui- 
clt'iir weapons.” 'The requirement for 
tin's range "is from the ballistics point 
of view,” bizanis said. 

■\ii .\1'1C s|)okesinaii. testify ing about 
the range before a House eomniittee 
recently, said the .\ir h'orcc has told 
.\KC it needs a range 100 miles long 
cm which to deliver ;t bomb to point 
of im]jact. He said the range coukl 
not be ready before Jamiary 1930. In 
tlic meantime, he said, .M^C will use 
[xirt of the land recently rclevised bv tlie 
.\ir I'circe iic-.ir its 'Tom)|)ah, Xev., range. 

• Combined Fmictions Range. Col. 
Sun. of the .Armament "Test lCqui|)- 
nient Laboratory, said more area is one 
of .UWC’s most urgent requirements. 

T'or gravity-(lr()|)j)ed bombs, land ranges 
at Kgiiii no longer arc large enough. 

Fqiially important space jiroblcms ex- 
ist ill testing interce|>tor and bomber- 
defense missiles, "'nif |jliil(isopliv is 
to stop being land-tied and become 
waterborne on 'Nfare Nostrum’— the 
Gulf of Mexico.” Liiziirus said. Fglin 
is some JHO square milc.s in size. In 
the Gulf .■\I''.AC can gain a test area 
100 miles by 100 niilt's by acquiring 
only one square mile around the Gulf's 
perimctcr-small sites on which to locate 


UU NEWS-, 

Why Douglas has 

first silicone 
rubber 
canopy seal 



I — The Connecticut Hai-d Rubber Co.— • 
I A lot of new design and produc- 
tion ideas went into the Navy Douglas 
A4D Sky Hawk. Among them is the 
first silicone rubber inflatable canopy 

Douglas brought this inflotoble can- 
opy seal problem to us in the design 
stage, fieplocemeni rate of conven- 
tional orgonic rubber seals was ex- 
tremely high due to weathering, oging 
and ozone crocking, both in use and 
in storage. Being corrier based, A4D 
;e and spores storage hod 



addition, it would inflofe with the 
some low pressure at -dS°F as at 
70°F, ond would not get tacky ond 
stick or hong up when the cockpit 
was opened after a hot day on deck. 

Could a silicone rubber Inflaloble 
canopy seal be mode? If it could, we 
wanted to be the first to fry, 

Douglas engineers were willing to 
toke a chance on this new design. 
They gave os the order, We mode 
and qualified somples, got into pro- 
duction and thus helped hong one 
more "first" on the A4D. 

Silicone rubber inflotoble conopy 
seals are now proven out. As a re- 
sult, other silicone rubber inflatable 
conopy seals ore on order and in the 
design stoge for the Century series, os 
well os new planes still in preliminary 
design. 

SEALS • HEATERS 
SILICONE RUBBER PRODUCTS 


I ns coHnaicuT hard imber a 
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In underwater ordnance, too 

AMF has experience you can use 


e From the development ond production of complete undervrcter ordnance systems, both conven- 
tional and otomic— to the design and monufocture of underwater vessels to withstand crushing 
hydrostatic pressures ot great depths— AMF is daily engaged in hundreds of complex engineering 
tasks. • The highly speciolized, yet widely diversified activities of some 35 engineering and pro- 
duction focilitles provide AMF with a wealth of experience that covers nearly every field of 
industry. And it Is immediately avoiloble to you. • Coll upon AMF with your problem. See for 
yourself why this all-around experience in answering the needs of government and industry alike 
hos made AMF the "can do" company. 


AMERICAN MACHINE & FOUNDRY COMPANY^ 
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insttuniuntntioii. Both the loiiit Rnngc 
and the Cambinecl I''unctioiis r.ingc still 
arc in the |)liinniiig iniei polity stages. 
Mo.st of the test tc|nipment needed is 
'■« ell « ithin the stiite of the art. though 
in.nbe not developed this far >ct,'' Col. 

• Synthetie Radar Target Range. 'I'his 
range is aisprosed and prograinined. It 
will he pitterned on a .smaller one, 
built last se.ir to test the basic idcis. 
Lneated at the Mast end ot Cliocta- 
svhatehee Bas-the hndv of water hc- 
tsveen Mglin’s shnrclinc and the Gulf - 
the range will base a layout of 1.600 
radar reflectors which t-.in be arr.mged 
to simulate indnsttial complexes or 
other targets. 

It uill give, varying target charaeter- 
isties for csalnation of azimuth, inten- 
sit> rcsohitirni. gcrsmetric resolution and 
range resolution of radars in honibing- 

be tompared to another at sarioos 
speeds and altitudes. \\'right Air lOe- 
velopnient Center and Strategic -\ir 
Command also will use this range. 

• Oaiiiage Potential Range. Comple- 
tion was expected this siinnner. Basi- 
ealh- it is a 2,000-ft. lesel track whieh 
can be used dual or monorail to dupli- 
cate speeds of wt-.i|)ons plus the s]>ccd 
of the aircraft- The goal is to run sleds 
at speeds of Mach s. 

Some testing will be done with mov- 
ing targets, some with projectiles firing 
against statimiarv targets to determine 
interior and exterierr ballistics and ter- 
minal cfFeets. I'uzc testing also will 
be done here. 

In addition to these r.ingcs. AI\\C’s 
Ballistics Dirc-ftor.ite has in recent 
weeks taken over operation of the Abcr- 
deem Bombing Mis.sinn at the .\ir 1'oree 
riiglit Test Center. Edwards .\MB. 
Calif. 

Until last July 1. Army and Navy did 
ballistics studies at .\hcrdccn Broving 
Grounds, l-idwards and the N’aval Ord- 
nance Test Station at Invokcrn, Calif.. 
for USAM. N’ow AMAC owns and op- 
erates the Ballistics Test Macility at Ed- 
wards and a coni|inHng facility at t.os 
Angeles, and "other facilities will he 
used”— prcsuinahiv the new Joint Range, 
when and if it is established. Data will 
be rcdiitx'd to some degree at the L. .\. 
facility before it is sent to ,\E.\C for 
farther rcdncticin and tabvrlation. 

Fuze Testing Mission 

.\nothcr new installation at AFAC is 
its Muze Test M.ieilitv. now under coii- 
striietion. .\M.\C will do its own tests 
and provide contractor su|7port for com- 
plete testing of fuzes, and ,6ir M'lirtc ex- 
pects to get far greater reliability in fuzes 
as a re.siilt. Before this, contractors have 
had no single place where all types of 
fuze te.sts could he run, 

Ovcr.ill fuze testing wa.s assigned to 
AI’.\C in August of 1954. AMAC al- 
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FOR AIRCRAFT 

|>|iiii^ii^|iiiiiiiiliiiiiiur 

FOR INSTRUMENTATION 

rvwpwffwwwwr'fw 

FOR MINIATURIZATION 


MINIATURE BELLOWS FOR 
INSTRUMENTS and AIRCRAFT 

Save apace and weight in instrument 
Specify small-diameter seamleaa metal 
Thermostat’s specialized experience in 
bellows engineering provides these 
tiny units as araall as K' and 
diameter, and in a wide range of 
characteristics and metals. 

BELLOWS ASSEMBLIES 

Practical savings in time, trouble and 
money can be made by buying com- 
plete bellows assemblies ... let Bridge- 
port Thermostat show you how, 

Mr. CaM 

BRIDGEPORT THERMOSTAT DIVISION . MILFORD, CONN. 

Send me the Bridgeport bellows data cheeked below: (Dept. PA-1 25) 

G Full detoils on new, small-diameter bellows 
□ Bellows Engineering Cotolog 


COMPANY 

ADDRESS 

CITY STATE. 


and aircraft design, 
bellows. Bridgeport 
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W. C Uiorus II. Col. 1. laltos 

Teclinical Director AMDL Director 


ti-ady- had been doing Hie aerial testing. 
A test laboratory, an SO-ft, drop tinvcr, 
storage and fuze test safety buildings, 
and facilities at seser.il ranges are under 
construction non-. I'aeilities and equip- 
ment ncrc rcconniicndcd in a studs' 
made by Diiimond tlrdnanee l•’uze 
Laboratories, on contract. 

Laboratory Equipment 

Laboratory equipment includes: 

• A gamma ray macliine to determine 
the eonditUm of fuzes after te.sts. It is 
portable, costs less than Sd.OOU. can 
radiograph through as much as eight 
inches of steel, and an \-rac machine 
can be used w ith it- 

• Closed Ic.op tcInisioH to help in re- 
motely examining, inerting and sectiun- 
ing fuzes. 

• Dei-iec to simniate wide altitude, tem- 
perature and hnniidity ranges and pre- 
side conditions for sand and dust tests, 
fog and salt spray tests and fain tests. 

• \ shock machine with a range from 
6 to 2-i G’s; a jolt nv.ichine capable of 
irroducing a deceleration of 200 to 275 
G’s: a "jumble machine" to test safety 
.and rnggedness of design during de- 
lelopment; two sibration machines; a 

under different acceleration loads. 

• Later other equipment will be added, 
iiiC'Uidliig a rig to simulate spin rates in 
spin-stahili/.cd rockets and projectiles; 
a centrifuge .simulating 1 fl.OOO to 6(1,000 
G’s "setback" force; another centrifuge 
(or "prugrammed accelerator’’) to prn- 
I'idc setback forces equal to those found 
in rockets and missiles: a static detonat- 
ing facilitv; and a retarding tank filled 
with soap bubbles, where test itenrs can 
be slowed from about 5,000 feet per sec- 
ond to about 400. T his w ill be backed 
up with a catch bnx filled with ;i low- 
density materia! such as CcTotex. 

Dyiumic fuze testing will he done on 
tlic damage potential range, a land im- 
pact range and a water impact range. 
In.strumenhation will include contruscs 
theodolites, gco-phoiie.s. CZR-1 and 
l'’astex enneras and Micro-flash X-ra\' 
equipment. 

Some of tlic most interesting work 
done at Af’AC comes under tlic super- 
lision of the .Air Mimiliims Dcvclnp- 
nient Laboratory, It includes a Muni- 


tions I’laiming Groiijs— a sni:ill st.iff of 
high-rated cisilians, all experts in their 
field, responsible Ixith for current plan- 
ning and fur the future, Kach branch 
ill tile lab also Iras an .\chanccd De- 
selopniciit Section. 

lUprcsciitatises of the lab .ire as- 
signed to major aircraft mainifaeturcts 
and the lab’s work is coordinated closely 
with tire .Air Pros ing Cboimd next door, 
with unisersities and research groups, 
and with the otiicr scrsiccs. 

.Armameiit Laboratory projects in- 

• Tlie "Nasty" spin-stabilized 1.5 inch 
air-to-air rocket for bomber defense, dc- 
s'cTopcd by North -American .Aiiatiim. 
Inc. Spill-stabilization, aceomplislicd by 
canting the rocket nozzles, and high 
velocits- keep this ty]>e of rocket from 
"wcatlicrsaniiig" into the wind when it 
is fired to the side or rc.irssard. ’This 
ly|jo of rocket would be fired from 
rocket gnus, achieving its higliest veloc- 
ity bey imd the end of the h.irrcT. 

• The T-110 rocket gun for 2. "5 inch 
rockets. T'his fires a ’1-151 spin st.ibil- 
ized aircraft rocket round at a modcr- 
atclv hi|li firing rate. 

• Tbe t-152 rocket gun. firing sliort, 
stubby 5.S millimctct (1.5 in.) rcx.kcts. 
Canted nozzles or possibly canted fins 
will he used. Ibe method of stabiliza- 
tion depends on the intended altitude 
and contros'crsy still exists <i\ct where 
fin and spin arc the most useful. 

Gatling gun teclmiques and lighter 
rockets may produce rates of fire manv 
times faster than that of the T'-llO. 
-M'.AC’s experts say, 

• Rei'olver cannons. 'I lie 20-milUmetcr 
.\l-59 is tlircmgli its dcsclopmcnt sUge. 
Rest-arch and desc!o|)inent and product 
improi cment svcrc done bv rnrtf Motor 
Co. after Armour Rcscarcli 1 omidation 
did initial development work. Pontiac 
disision of General Motors is jsrodiieing 
it. Ford also did researcii and clcvcTop- 
ment on tlic T-182-ETII 50-mni. re- 
s'ols’cr cannon, and Oldsmobilc is jiro- 
ducing it. Both of these weapons arc 
electricalls fired. 

• Gatling cannons. Production of the 
’I’-171 20-111111. by General Miecttic Co. 
began at Sclicncctady. N. Y., and is 
shifting to Burlington. Vt. 'Ilic T-212 
50-mm. now is being tested. 

Emphasis on Ammunition 

Or. OavicI C. Saylcs. assistant chief of 
the Gun and .Aniimmition Branch, said 
emphasis on cimsciitional gun incclian- 
isms has been reduced recently and at- 
tention has tiinicd to amiminition per- 
fonnaiicc- 

Pnijcctile shapes ha\ c not been modi- 
fied yet. but "that does not mean it is 
not under ennsideratioii," Dr. Saylcs 

Lumch selocity is an important as- 
pect of the branch’s work, and location 



top-fligfit 

engineers 

aivaiiable 

...for designing and super- 
vising the manuracture of aircraft electro- 
mechanical conirol systems. Adams-Rilc 
places at your command a full staff of 
experienced, specialized engineers and 

solulion 10 your specific problem. In a 
modern plant fully equipped wilh advanced 
facililks. the highly trained Adams-Rile 
organization is virtually an addition to 
your own in every phase of design-right 
through to the complete manufacture of 
the product itself. 

Adams-Ritc has a background of many 
successful years in the aviation control 
quadrant field. The available laicnis and 
faciliiies of Adams-Rite solve one vital 
recruilmem problem for you by offering 
the services of their highly .specialized 

to your most precise specifications. For the 
ultimate in efficiency, quality, and econ- 
omy, depend on Adams-Rile. 



Cfssnn 310 Door Bolling System 
by Ailams-Riie 
A Complete Line of 
Hardware for all Aircraft 
LOCKS • LATCHES • HANDLES 
SANITAKV VALVES • TIE-DOWN FITTINOS 

Adams-Rite aviation hardware 
products are used by every 
major aircraft company, both in 
military and commercial fields. 

consult 

ADAMS-RITE 

now 

Note inlilrcsses in page adyerrisemcnr facing 
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Controls For Every Type Airplane 

Consult us as soon as you know your requirements or have your preliminary specifications 



ADAMS-RITE MANUFACTURING COMPANY 

540 West Chevy Chase Drive, Glendale 4, California 

REPRESENTATIVES: CANADIAN -Rellwey A Power Engineeilng Co.. Montieal. 

EASTERN -Recipull A Welse, Inc., Amityville, N.T. MIDWEST-6aorge E. Harris A Co., WIcMIa, Ksnsss. 
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SPECIAL APPLICATION AND CUSTOM SEALS 
CRYSTAL AND SUB-MINIATURE CLOSURES 
.... transistor CLOSURES 


COMPRESSION 
END SEALS 

-are practically indestructible! 

E-I Compression End Seals are the most efTectivc seals 
available today for tubular components. Specially devel- 
oped by E-1 to c.scecd every requirement of the most 
critical modem a|>plication, they alTord the highest degree 
of immunity to shock and vibration, violent change in 
pressure, temperature and humidity yet attained. Years 
of rigorous application experience prove this fact. 

High performance E-I Compression Type Terminations 
are also available in multiple headers, single lead terminals 
and plug-in connectors. Volume production and a tre- 
mendous range of standard 
types off er two-svay economy 
that makes it possible Co spe- 
cify the extra dependability 
afforded by E-I terminations 
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■jf fu/o I|.IS Ixui .1 chief factor in con- 
sidering nioditiaition of .nniminition. 
Dr. Saties .said ••extenshe pmgr.iins" 

.jfety and lilO'r' leli.ibilitt as the go.ils. 

TIk kill is stmhing tlic effeets of 
liigli tcnipeTatures and bigli.s|>ccd .lero- 

uhicli would siniplifv gun iiicchaiiisins, 
eliminale storage problems and solve the 
ejection problem, uberc d.miagc to the 
aircraft is a txissibilitt. 

"A varietv of nncnmentioiial gun 
ineeli.misnis.' r.icliculb dilTerenr is un- 
der stiidv, Hr. Saties slid. The shift to 
higher crelic rales and larger animuiii- 

but at (|iiick kills— St) a fighter has no 

I haute to unlo.id its bombs on a se-cond- 
iry target after it is hit. 


Rocket Gun Advantages 

Ucc.mse more firepower am! longer 
range are desired, interest in roiket guns 
IS strong. Ill Mieli ,i laimeher, the rocket 
is held until the pro|)cr bnildiip of 
prixsiirt fiom the "gun boost” propel- 
lant kicks it .ittav-ignitiiig the rocket's 
own propellants at tfie .s.mie time. 

With this tsMi-stiige effect, the rocket 
reaches its maximum siwl at the biini- 

doser to the target t'han ssilh .1 eon- 
vciilional rocket, since the giin-firccl 
rocket has not used up pirt of its imn 

Gnii lannciiing gis ts liiglier siist.iineci 
'elocilv ami higher terminal velocitv 
and .ilhiws more of the rocket to be 
Used for w.irbead. In effeet tlie roeket 
leases a jiirt of its "harcissatc” behind— 


'Programmed' Rockets 

T he Roeket llr.mcTi is looking into 
"programmed" rcx-kels which wotilel go 
through .1 pre-set program at the proper 
time after lainiehiiig. I’rograiiis can he 
set in tinougli jet v.mts or control Mir- 
facew. The roeket might earrv its own 
sfabilivtcl pl.itform or aceeitnnneler, 
phis .1 timer to tell it ssheii to act. 

The Roe-kel Br.mcli also is uorling 
on an "advanced warlie.id sssle-m” for 
"a serv long-r.incc missile.” Seeiirilv 
restricts the l.ih from saving ainthing 
fNcept lli.it it emplins '•brand new con- 
cepts lieretnfore not used in weai>ons.’' 

Since all branehes of the lab arc or- 
ganized on the sesteins eoneept. the 
hoiiib am! rocket branches ate inteTesfecI 
in expendable launchers and expemlablc 
pylons for aircraft wings. Tliis "ck-.iii- 
wing toncc])t" is aimed at increasing 
speed and range. 

The same nigh s|)eeds n-hicli liave 
pffccted ritlier hpes of armament base 
mdieally affeetecl bombs. The aero- 
dsiiamic flow armmcl a bomb-hav at 
high speeds can ''hold" a streamlined 



Men, Methods and Machines 


teamed for CONTROLLED WELDING 
at Lavelle 

Experienced welding engineers and technicians use individualized and 
advanced methods with Government Certified equipment to produce 
specification weldments at Lavelle. This accurately (.-ontrulM weld- 
ing insures the Grumman engine shroud shown above against the 
stresses of high lemperalure jet engine speeds . . . where peak per- 
formance proves the advantages of this speciaiized Lavelle fabri- 
cating service. 

Lavelle fabricates weldments of titanium, high temperature resistant 
nickel and steel alloys and aluminum ... by resistance, automatic or 
manual inert gas, metallic arc, and oxy-acetylene welding. Weld 
quality \s controlled by rigid inspection using X-Ray. Zyglo, Magn.nflux 
and microscopic jjrocedures. 

Major manufacturers depend on Lavelle’s co7ifro//ed welding to meet 
exacting specifications . . . Lavelle's dependable delivery to meet 
demanding production schedules. When your production standards 
require the finest in specialized fabricating services. . . contact Lavelle. 

a This illustrated brochure gives additional data on Lavelle 
services. Write for a copy without obligation. 

UVEllE AIRCRAFT CORPORATION • NEWTOWN, BUCKS COUNTY, PA. 
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Offers the first self-contained 
JET IGNITION SYSTEM 



ho' butn dune 


fu!'c^cnn'ccX'«&'"'''i'f^ 

II. tokins off from the Ck'niun Rlitin- 

BolFistics DirJefomte. midcr 
\hij. Willijiii M. Land Jr., takes ad- 

bock method” of collecting basic halliv 


Ing'thc'AiPForce’s ness- "mission tables ' 


■“rS£^£;r:ii 

,\ir Force little good imlcss thes can be 
tested and esaluated pr..pcrly- The 
octet subscribes to the philosophv that 

iwrticipate 'in but not run ontr.ictor 
Vitro Corp. helps in this job by 


OMATIC 

Hceis.!' Location. 



in the 

Inspection Department 


dys^helc 






HOW TO GIVE NOISE THE SILENT TREATMENT 


SiTUATIOHi A jubmarine surfaced someiaJiere in iceberg country, attempting 
to establish communications loilh distent base, 

PROBltMi Interference, or "noise’’ critically garbles message reception. Radio 
operator cannot hear message above interference. 

solUTlONi Operator switches on Hoffman fncremenlai Interference Sup- 
pressor, an exclusive feature of Holman Communications Receivers. Atmos- 
pheric noise is silenced — vital message comes through loud and clear, 


gone extensive held tests under rugged 
service conditions. Tests demonstrate 
that in CW. FSK and AM eommunica- 

techniques can give 100% message re- 
pheriq static 80 decibeb greater than the 



communications problems too — from 



1$ iNseies 7. ctiiroRNts 
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operating tango facilities uiuict tlic Di- 
rccturate of rtchnical Supixut. with a 
staff of ncarh 300 cngincoting ami tcch- 
nical pottiomid. 'llie tlitcctoratc eloci 
uliat its naiiic iiiiplics— providing draft- 
ing services, doing sheet mePal work, 
installing instruiiicnfatiuii in planes, 
reducing and computing te'.^t data, and 
operating the r.inges in coiijunctitm with 
N'itro. 

Installations work misv is limited 
iiio.Uly to iiiodifitatioii of stiKk model 
aircraft. Major installations ate done Iry 
tlic eoiitnictor or at W’tiglit Air Dc- 
telopmeiit Center. 

In the future the directorate, under 
Col. Henrt’ B. Kuclieinaii, Jr., expects 
to take over most of the major installa- 
t iin work. 

AI'.VC lias its first precision elec- 
tronic tracking svstem— a Nike radar— on 
ihe Irasc iiu«’. undergoing the necessary 
modificiitimis. It ivill track at greftcr 
nmges and liiglier track rates and with 
iiighcT .lecuracs' in restricted I'isibility 
conditions. 

In the field of test ecjuipmciit, the 
center is deiciopiiig or overseeing the 
dcselopment of; 

• ,\n aiitoinatic e\|>OMm'-eoiitrol dewicc 
for photothcnclolites niiich changes ex- 
posure to comjKnsatc for ra|)idh' chang- 
ing light conditions as the instrument 
sweeps the sky. This .slioiild produce a 
considerable incte-asc in good films. 

• A device to change the focus of plioto- 
o|)fic instruments antomaticallv. 

• .\ telesecipie-|)Iiotographie recorder to 
give ver\- long-t.mge photos svitli greater 
detail. This is near completion. 

• All infra-red IxirC sight dei ice to pro- 
vide mure accurate information on the 
space position of an aircraft, in digital 
fimn. uliieli speeds up data reduction 
greatU. Use of the infra-red technique 
inetc.iscs Ixitli range and accuracy. 

• .\)i electronic dive angle control, de- 
sice sshicli uses APS-f2.\ radar and rc- 
])laces a system of sighting wires, called 
a ''haq)” and the harp’s human ob- 

• .\ [liatfonii for ground testing of tur- 
rets fired under conditions of pitch, toll 

• \ di namic fire control assessor which 
checks the radar tracking of a inoi’ing 
target against lullistic results. 

• A sharp-winged tow target for use at 
speeds ahovc Mach 1. This target, a 
modification of the East Coast .^cto- 
luuities, Inc.. ‘'Redbird,” lias been flou n 
Micccssfiillv at Mach .9 scscral times. 

Ar'.\C's 6570tii Chemical and Ord- 
nance Test Croup, with headquarters at 
the .\bcrdccii Proving Ground and de- 
tachments at Edgewood Anns Clieinicnl 
Center and at Diigway. Utah, sup|)orts 
testing done by the .\niiy Ordnance and 
Chemical Corps. Ihe 6371st Maintc- 
iiimcc Group f.Aircraffl operates and 
maintains 70 different planes of some 
27 different types at Eglin. ■ 
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landings and take-offs! 


S Lg/v/vxvcXi^ 


1121 ISABEL STREET, BURBANK, CALIFORNIA 
Plfnae send me villiout obligution, teelinieal <lala and 
samples of SIERRACIN 611. 




ISABEL STREET, BURBANK, CALIFORNIA 




Steel Products Engineering 

''ImIS®- 


Str amble I 

A familiar word is fast acquiring a new meaning. Scramble! . . . 
unidentified aircraft. It sums up the alertness of our air defense. 


Aviation Division 

Accessory Oeor Assemblies. Actua* 

rrols. Bomb HoisSs, Gor> Turrets. 
RodorTrockirtg orrd Sconning Assem* 
blies, Power Recovery Units, Com- 
pressor Rotors ond Turbine Sections, 
Blades, Buckets, Vones, 


It represents our greatest safeguard against invasion. To the companies 
that manufacture our jet aircraft, another name now represents 
the highest standards in aircraft components; Kelsey-Hayes. 


KELSEY-HAYES 

Kelsey-Hoyes Wheel Co., Detroit 32, Mich. < Major Supplier to the Automotive, Aviation anil Agricultural Industries 
TEN PLANTS / Detroit ond Jackson, Michigan; McKeesport, Po.; los Angeles, Colif; Windsor, Onlorio, Conodo • Davenport, lowo 
(French B. Hecht Form Implement ond Wheel Division) • Springfleld, Ohio i sscco Aviation, Electronics and Mochine Tool Divisionl 
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SINGLE PULSE cliemicul .shock tube at Cornell .keronaiKieal Labocators’ should produce clues to comlnistioii |irocc5.ses. 

Air Force Boosts Status of Research 


'k'iisliiiigtoii— One of the mrist iin- 
portiint developments in the .kit 
l''oree todav is the increased aware- 
ness of tile need for earU research if 
IISAI'' is to iiiaiiitiiin its qualitative 
lead in weapon ssstenis. 

One of the nn>st important results 
of this awiireness is what has happened 
to the ,^ir Force OfSee of Scientific 
Research, manager of a majttr |Htrtit)ii 
of l.iS.\l'''s exploratory research pro- 

OSR is lumstd in -t of the 

barr.iefcs-liU T'eiupor.irs Building T' ,it 
Util street .mil Ciuistitufiiin .\\viiue 
here, and st.ilTed b\ lls people. In tlic 
3>.00l)-ni,m .\it lU'seareii ,md Desclop- 
ineiit Coinm.iiid. with Hi gre-.it eenters 
spread from M.issacluisefts to Cali- 
foriiLi. neither OSR's sive nor its ni.m- 
power tot.il is impresshe. 

But tuii deeeliipinents in OSIVs re- 
cent histor; — its eleiatiim to a st.itiis 
e(|ii.il to tile otlier .\RDC centers on 
.\iig. S. 19ss ,ind Its inose to the Na- 
tion's C.ipital l.ist Jills 1 — "ise a truer 
picture of its iiiiporl.iiicc. 

Scientific Crossroads 
OSR lias been gheii aiiflioritv for 
direct aa-ess to the .\ir St.iff as ii'tll as 
all other US.\I’' and gosemiiieiit eche- 
lons on teelnucal matters. It is located 
in nli.it is becoiiiiiig a scientifie eross- 
roads of the norlel from a ciimiiuiniea- 
tions and s|nmsorship points of sRsv. 

OSR ofiici.ils point out that 53 
scientifie org.iiii/.itioiis h.ise their he.id- 
epi.irters here. The gouriinieiit is of 


enurx' the coiintrs's largest Ixickcr of 
rese.irtli and deielo|)inent ssiirk, and the 
lie.ul offices of all its sponsoring ageii- 

'ITiese changes in ( >SR's position cm- 
pliasi/e three things: 

• ,\RnC's major effort to streiigtheii 
tile position of research within the com- 

• OSR's inipoftaiice not onlv to the 
loiumaiid .iiid US.\I' but to private 


industry and llie eountrs as well. 
•OSR's feeling, sh.ired b\ man; in the 
cominand, lliat ssliile most of US.\l’ 
and .\ROC are niirkiiig to sf.iy alit.id 
of Sosiet Riissi.i. OSR is \votkiu| to 
catch up with Hie Russians in its field. 

nesiiopiiieiit work is a thing tli.it 
dem.iiuls doing tod:i\. while the more 
intangible .iiid less pressing research is 
e.i.sily put off nnlil tomorrow. 

' The l.iboratoiies have two things — 



HISTORY'S FIRST |ihotiigTJ|ili of single afiiiiis iiii the- surface of a solid «js made by 
Dr. I'.. \V. .Muller nitli Ion eniissloii iiiieroseoi>e at I’ciiiisihaiiia Shite Uiiiscrsitv. 
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problems and iit'v idt-.is," Brig. Gtn- 
\iar\iii C. Dernier, ARDC’s Oepiit>’ 
Cmiimaiiiler for Research and Des elop- 
iiieiit. said, "lliej' Iia\e to work on the 
problems, and the nc«- ideas get drop- 
ped.” 

Power's Big 'R' 

Lt. Gen. Tiiomas S. Power. .\RDC's 
commander, is pcutcls' aware that the 
press of time and the connnand's a«’c- 
somc responsibilit} — from the first glim- 
mer of an idea until Hic resulting piece 
of liardwarc is in its gr.ivts — sometimes 
has forced .\RDC to do deselo|)ment 
work at the e.spcnsc of research, lie has 
taken mans’ steps to remedy this. 

"I would never be criticized for what 
1 didn’t do in exploratory rcse-arcli.” 
Gen. Power said, ' iind this is just where 
I should catch hell." 

OSR’s commander, Brig. Gen, Hol- 
lingsworth 1', Gregory, said that in the 
past "tlicre has bceri a big ‘D’ and a 


little r' in ReVn, and Geo. Posscr 
ssanted to give tlic 'r' a bigger status.” 

'I'lirce sears ago OSR had some 20(1 
projects under ssay. More than half the 
contracts were for less tlian S20.000, It 
nosv lias from s50 to GOU priijects go- 
ing. at an aserage cost jier eontract of 
SsO.OOO. 

I'esser than 10 pet cent of its con- 
tniets aie U’itli industrial research orgaiti- 
yation.s. Most of the rest are with 
aniversitie-s. although industry’s iutere.st 
in ex|)l()t.itoiy research is grbuing rap- 
idh’, ixirth’ as a result of stimulation bv 
o;>R. ' 

OSR's staff of 115, nhich will grow 
to about 155 in I'iscal '52. includes only 
t«<> dozen ,\ir I'orec offieers. 

In I'i.scal 1956. OSR h.id a budget of 
about .SH million. ( .\linost ever.' dollar 
goes on contraets. OSR's operating bud- 
get is s’crv small!. 

h'or Fiscal '57 ARDC has set OSR's 
budget requirement at S25 million and 


is still pressing for that. OSR’s tot-al 
program costs not much more than a 
long-range bomber, and a single rcsearcli 
linding might save billion.s of dollars. 
OSR's Threefold Mission 
OSR's mission is threefold: 

• Plan, initiate and manage an explora- 
tory research program "to prosidt new 
scientific knowledge" which may result 
in "significant new eoncepts of ,iir war- 
fare and steady ini|)ro\emcnt of aerial 
weapon systems and their use in air war- 

• Recognize the iinpbcations and possi- 
ble applications of significant scientific 
ads’anees. 

• Recommend to Gen. Power policies 
and procedures sshich will encourage 
and stimulate research and ' enhance 
relations with the scientific commu- 

C'ol. W. O. Davis. Depuh’ Com- 
mander for Operations, secs OSR's job 

gast 6, 195$ 
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as one of coinnumic.itions. lie said 
OSR is a scnicc organi/ation, dcaline 
only in idc:is. 

"Tile imh in-shop work we do is 
thinking.'" Col. Davis .said. "We aie 
in.magors, and inanageis arc translators. 
The projjer commnnicatiems pattern is 
management.” 

Spe-aking Severol Longugges 

{.ISR's translalnr.s must .speak die 
i.iiigiiages of practical military men. 
scientist', indiistrv's |)kiiincrs and engi- 
iicct.s — anti the not always easy language 
of the Defense Dep.irtmcut. Bureau of 
th” Budget and Congress — that is. the 

I'lven within those areas OSR nmsf 
speak many dialects. 'Ilic "'fragmenta- 
liim of science" means that ei’cn 
scientisis of different disciplines do not 
.dways understand each other rc.idily. 



71ic milihm’ scrsiccs were slow to 
Icam tlic complex job of managing re- 
search, but Cul. Davis feels that OSR 
has had considerable success along this 

OSR ciirtcntlv is doing a study for 
the National Research Council to sec 
how its techniques can be applied on a 
national level, 

OSR feels that its stiiimlatkm of re- 
search produces a number of important 
by-products: 

• Cross-education of scientists. Aeto- 
dyuamicists. for example, base found 
that di.ssociatioii. ionization and recom- 
bination of particles of air and metals 
around the nosc-coiie of a Inptrsonic 
missile produce |jroblcins with which 
they aren't equipped to deal, 'nicrcforc, 
the phvsicist and the eheinist Inn e been 
brought into aerodynamics and Iryper- 

ciations has c brought not only new ideas 
but new names: US.M'' now refers to 
these arras as "aerotliemiodynamics” 
and "aerotliennncliemistrs’.'' ) 

• Cross-fertilization at the weapon sys* 
terns level. ''Sob iug ,i problem in one 
area contributes to another area and 
enables the weapon .system planner to 
work in somewhat less than his usual 
vacuum,'' Col. Davis said. "It gives hira 
a realistic reading both on what we can 
do and what the Ru.ssians can do. 

"Fundamentally, wc are optimistic 
ond by being so we also arc being nrost 
consenative," he said. "To be scicn- 
tifiralh pessimistic would be to siy that 
the Russians couldn't do the job cidier,” 

• Building the nation’s scientific potai- 
tial. Aside from the ercss^-ducation of 
scientists, almost escrv OSR contracl 
with a uuivetsits attracts graduate stn 
dents inti) areas of US.\1’’ interest. OSR 
estimates, for instanee. that some 1.20U 
graduate chemistn- students base been 
Irawn into work on OSR contracts and 

"Prior to 5\'orld War II nearly all of 


the Inisic research was Iscing done 
abroad. " Col. Dasis said. "Keen today 
a great mans of the people doing basic 
research in this country are foreign-born. 

■'There is a great need to replenish 
the reservoir of basic scientific knowl- 
edge and create a new potential." 

Although exploratory work "should 
be research tli:it won't pay off in de- 
velopment tor five to ten vrars or more.” 
Col. Davis said. OSR is continually 
coming up with results that may be im- 
mcdiatch useful. 

ICxpInratory rcse-arcIi as US.U ' defines 
it i.s rest’, Itch done not in direct support 
of anv existing tequirement. but 
' .limed" research- -related to US.’\I'’'s 
general objcctis es. 

Areas of USAF Interest 

Since OSR must work iu this almost 
unbounded area over a period of many 
vrars, it bus disided US.'\l’"s scientific 
interests into seven broad areas which 
will remain the same possibly as long as 
there is an Air Force: 

• Atmos']>heric ffiglit. 

• E.xtra-atmo.'j licrrc flight. 

• Dctcetion & identification. 

• Commimieation & coutrnl. 

• Infonnatimi handling &: analysis. 

• Ta^ct rednetion. 

• Human effectiseness. 

Its four operating dirc-ctorates and 
nine dir isions arc broken down similarly 
to the classical science division' at a 
unis’CTsits. which eases organizatimial 
,nid communicatiniis problems in deal- 
ing with the uniscisities. 

Directorates & Divisions 

I'hey arc: 

• Directorate of Bio-Scieiiees. with an 
VeromccUca! Disision and ,i Beluwiora] 
Sciences Diiision (social and phycho- 
logic.il sciences). 

• Dircctoiate of .Aeronaiitiail Scicnecs- 
with Meciunics, Mathematics and 
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SYSTEMS CAPABILITY 

— where to look for it! 


For sjsiciiis work, nt tiic di>-nis«ion flupr imrluiilarly, 
\ou iini>t look UmoiI'I narrow of ra|ialiilitv. 'I'fic 

norm aIiouIiI Im* a i'oiiinuiix s ami |irt*?aoU [irr* 

forinanrc in all tlie trrlmii'al fu'lils and |iraii<'lu'.< of 
imlii.'lrial sc u-im- systems work rails upon loilar . 

Tin- more drr|ilv nmlcd \oii are in all llir tliinps of 
wliirli stslrtiis arc romprised. ihr lirllrr alilr ton arc 
to [irodurr roinjdrlrl\ drprildaldr Msiriiis. 

Ilrtldix lias an riipinrrriiig and rcscari ii staff of over 


9,000 willi an exrcplionally liroad ranpe of trriiniral 
aliililios. 

Om'I' SHO million was rvpriidcd on cnpinri-riiig and 
rrsi'ari'li funrlioiis in fiscal lO.i.S. 

Twrntj -foiir nidch ilisprrrcil manufacturing di\i- 
sions Eoc'atcd coast to coast ciiijilov SO.UOO. 

Tile licndix Ststcins I’lanning (rronp at licadqiiaricrs 
in Detroit coordinates major sxsicins work and gives 
yon a single, cenirallv located contact. 




Bemlix offers exeeplioiiul ca|>al)ililies 
in every phase of syslems Mork 

DISCISSION • COMKPTIAL DESIGN 

• ANALYSIS • HESEARCII & DEVELOPMENT 
• PROTOTYPE DESIGN & MAMFACTIRE 

• ENVIRONMENTAL & OPERATIONAL TESTS 

• SYSTEMS PRODICTION ♦ SIPPORT 
& FIELD SERVICE 

AVIATION COSPORATION 
FISNtR BLDG., DtTROIT 2. MICHIGAN 
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Coiiibtistion Dynamics Divivions. 

• Directorate of Physical Sciences, with 
I’lusies and Nuclear Pin sics l>ivisions. 

• lilirectotate of Material Sciences, witli 
Clhcioc.trv and Solitl State Sciences 
Divisions; 

Communication Channels 

( hSR is constantly ;uh ertisim; for new 
sources of ideas. It actimi|)lishes its 
basic objectives — contact and coiminnu- 
t.ifions — through pnbliratiinis, by hav- 
ing its [XTsoniiel attend scientific meet- 
ings, visit imiscrsitics and indnstri. 

,\sidc from scientific nicctiugs. Col. 
A. P. Gaggc. lX']>nt' Connnander for 
Resources, said siinposia ,ire about tin 
best means for contact. "Tbe ssin- 
posjmn is one of the best tools wei, 
got." be said. "It will never be replaced 
l;\ [j.ijjcr work." 

Possibly the Ihiee most imporlanl 
contributions Ccn. Power has made to 
,\RDC arc his increased emphasis on 
icseaich, his attempts to let industiy 
know more about US.\l"s thinking on 
future we.i|Jou ssstems. and tlie reor- 
gani/ing be lias clone uitbin tbe coin- 
maml to aecmnplisb these goals. 

OSR pkns .111 important part in tbe 
syiiijiosia. and in tbe long-range plan- 
ning done by the comiiiaiKl. Its sym- 
posia are attended by apul imuilieis 
frimi science, militarv and industry. 

OSR's new Research Information Of- 
fice will brief industrs, arr.ingc syni|>osia 
and seminars, maintain coded files on 
all contracts (partly to sene as a distri- 
bution list for niaking US.\l"s needs 
known 1. write trend reports and gen- 
cralb' iniprme eoiiiinmiie'afions work. 

The Long-Range Future 

Just as a development laboratorv 
needs hi gne some tlmught to re'search 
while il is buss cleselopiiig. OSR tiiiisI 
trs to ens'isioii USAI' s needs of -t(l to 
>(l years from mm while it works more 
direclls on probleiiis for an ,\ir I'liree 
i i or ill s ears ass.n . 

It probabls ssas one of tlie first groups 
in the -\it Foree to gisc thought to 
eAtr.i-almospheiie flight, ami to ssonder 
what aspex-ls of it seerc compit.ible to 
fising in the ahm-splierc. 

"It is p.issilile tli.it sji.iee is a ness 
milifan oisironmeiit .iltogether." Col. 
Das is said. "W hat are file strategic and 
tactical consideralimis out there? 

"What we need is ,i fesv \-oiing 
Ckuisessit/. types, people greativ inter- 
ested in stralcgs .md tactics, to do lliis 
sort of thinking." 

OSR looks to K.ind. Ine., the operat- 
ing eomniands. the .\ir Staff and other 
.igeneies for studies like this. But. as in 
otlier areas. "We lane nut put tip our 
noses at smmg scientists." Col. D.isis 
said. "We do not believe all good 
scientists are already at svork." 

In spite of the sliort.igc of engineers 



No matter what your product 
or process, IRD vibration 
analyzing and portable balanc- 
ing equipment can hHp you 
make it better . . . and at less 


Hundreds of manufacturers 
are utilizing IRD vibration 
analyzing equipment as a 
fundamental in their plant 
programs to attain greater 
production precision, efficiency 
and quality on machine tools: 
smoother operation and longer 
life on pumps, motors, blowers, 
generators, gyros and all types 
of rotating equipment. 



Write today for an 

in-your-pianf 

demonstration^ 

TKD 

vibration onolyzers 
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Cutler-Hammer Hermetically Sealed Relay 


Family is Growing Steadily 

The line of Cutler-Hammer Hermetically Sealed Aircraft Power Relays is con- 
stantly being extended with new types and capacities. They reiicct the .years of 
intensive development and research by Cutler-Hammer engineers in close co- 
operation with leading aircraft builders. Designed for use In higher ambient 
temperatures and better able to withstand shock and vibration, they meet both 
present and future needs for environment-free dependability. Tlicy offer longer 
life and contribute directly to increased safety, 

Only permanent non-aging materials are used. All metal ports (except those 
carrying current or those in the magnetic structure) are stainless steel. The stoin- 
lees steel case is covered boi]\ outside and inside with a special blue glass fused thereto 
at extremely high temperatures. This special glass is chip-proof and has great 

These new relays are standardized to be generally interchangeable with presently- 
used unsealed relays. As this advanced line is being extended continuously as to 
types and capacities, be sure you have the latest data. Write on vour company 
letterhead for the 1956 edition of CUTLER-HAMMKR AlHCBAfT ELECTRICAL 
CONTROL, Pub. EE-HO. CUTLER-HAMMER, Inc., 1471 St. Paul Ave., 
Milwaukee 1, Wis. 

Cutler-Hammer Leadership in Aircraft Control 

Cutler-Hammer has long held the respect 
of the aircraft industry because this com- 

for 35 years. It has never been an oppor- 
tunist supplier. It has pinneend the designs 
others have followed. It has sought to serve, 
not merely sell. It has been in the forefront 
of all co-operative activity in slandardiza- 

Here is the recorrf; 

1920 Cutler-Hammer designed and monu- 1949 Cutler-Hammer started devclop- 
faclurcd the first line of switches ever cre- mcnl of the first environment-free power 
Bted specifically for use in aircraft. relays for use in aircraft. 




Cutter-Hammer Power Relays— Finest in Flight 
Cutler-Hammer Hermetically Sealed Relays are 
designed to meet Spec. Mil. R. 6106B (A.S.G.). 
0|>erate at 80,000 feet. Class A in ambient tempera- 
tures to 71° C, withstand vibrations 10 to 500 cps, 
lOg. Class B in ambient temperatures to 120° C, 
withstand vibrations much higher than 500 cps. 


1939 Cutler-Hammer designed and manu- 
factured the first d-c power relays ever 
created specifically for use in aircraft. 


1943 Cutler-Hammer designed and manu- 
factured the first 8-c power relays ever 



I95S Cutler-Hammer desigr 
faclured the first one hole me 
Lock aircraft switches. 
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and scientists. Col- Davis bcliacs that 
as far as percentages go, “your younger 
generation is possmiy better tlimi in the 
past, qualitywisc." 

lint OSR— M-itli its great need for 
"generalists” who can deal across the 
board of scientific disciplines — has 
learned that too man; nnisetsitics give 
"technical training rather than educa- 
tion.” Col. Davis said. 

"Too often the scientist or engineer 
has not had enough general pliv.sics and 
mathematics so he can at k-.ist sec how 
svhat he docs affects otlicr fields.” 

Need Understanding 

^■n^ this reason, among many otliers. 
OSR'.s primary aim is to gain and help 
other scientists to gain an iinderstmd- 
ing broader than their own specific 
fields. OSR’s new crest mil be.ir the 
motto; "I'irst acquire understanding." 

"If we got undcrst.mding prior 
to development." Col- Da\is said, "we 
could do tlie dcsclopmcnt in half tlie 
time, instead of h.iving to operate in 
the dark as we do in so many fields 

OSR's Office for .Adsanced Studies, 
i’ost Office Bo.x 203 s. Pasadena 5. 
Calif., has the responsihility “to think 
in these scientific areas” listed above 
and .seek this imdcrstanding- 

It has a staff of nine, which will be 
increased to 1 i in the next year or so- 
Thev arc hired not as inventors or engi- 
neers but as thinkers. Tlie office en- 
gages in Slimmer studies, picking up 
consultants in \arions fields a.s die; arc 
needed. It also monitors some of OSR’s 
contracts in tlic West Coiist area. 

Advantages of Contracting 

OSR's system of bnving the rcse.irch 
time of otficrs has many ad'antages: 

• The in-m wlio dots the work wants to 
do it. Usiialli’ lie has proposed the 
project himself. Some 40 per cent of 
OSR's proposals come in without pre- 

VciSR^bms'trieLt whicTT'S.yr could 
not reach otlierssise. Kven if the .\ir 
Potce could induce the world’s best re- 
search brains to lease unisersits and 
kihorators- life and work for it. it could 
not .iffoni them. \\’itli the contracting 
system, hou'cser. it can reach not only 
tile best in this country hut also in 
Kiiropc- .ARDC’s I'inropean Office at 
Bm.sscts ime-stigates sources and sends 
proposals Kick to OSR for esalualiim 
(sec following article]. If OSR likes a 
proposal it transfers fimd.s to Brussels 
and the office lets the contract. 

• OSR can be selective among tliese 
liiglily-qualified sources. Ei cn though it 
ahvavs is anxious to find new soutecs. 
it receives proposals in a ratio of six W 
aery contract granted. 

• By sending men to Europe periodic- 
ally to monitor its contracts there, OSR 




REVERE 


FUEL METER 



reads 
directly 
In pounds 






No more separate sompling of military aviation fuels to determine 
specific gravity ... no more computolions ro convert gallons into 
pounds. This new Revere Grovimetric Meter meosures fuel delivered 
from tank truck or fueling pit to plone directly in pounds ... in one 
easy step. 

Because fuel energy is proportional to weight rather than volume, 
the new meter facilitates precision flight planning. It also minimizes 
errors in weight-and-bolance computations. 

It contains two meosuring elements ... a highly accurate Neptune 
Red Seal volumetric meter, coupled with a sensitive Revere Densi- 
tometer which continuously measures the density of the fuel passing 
through the meter. The Gravimetric Meter automatlcolly compen- 
sates for chonges in density caused by temperolure voriotion or 
change in type of fuel, ranging from 5.4 to 7.4 pounds per gallon. 
Accurate to 0.5% of total delivery. Flow range Is 250 to 2,200 ppm 
at density of 7.4 ppg; 250 to 1,600 ppm at 5.4 
ppg. Other flow ranges available. Meets ap- 
plicable sections of MIL Specification F-8615. 

Write today for Bvlltlln 1050 
... full details of the Revere 
Grovimetric Meter for Ground Fueling 





CORPORATION OF AMCRICA .> 


WALLINGFORD, CONNECTICUT A Subsidiary of Neptune Meter Company 
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EVEN THIS IS TOO MUCH! 


'LMk-O'SNl • Sill O'SmI • Cast 0 S«ll 
Baai 0 Ssal « Tenn<n*0'Saal " Slr«p*D*SesJ, etc. 


Fighter, bomber, transport or missile, today's high 
performance oircroft cannot allow even one drop of 
volatile fuel or fluid leokoge a) o critical point. Not 
only for safety, but true economy, too. 



Our business is safe, sure stotic sealing of fittings, 
fosteners and flanges. If you have a sealing problem 
why not ask us obout the "O-Seol family." 

FRANKLIN C. WOLFE CO. 

“sealing design specialist" 

Culver City, California 
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HIGH-SPEED IMPACT PRODUCES CRATER EFFECT 


iilso M'Avs as a li:iis<m lictswcn tiiu 
liiiropu.m .iiid .^lllc^icull scientific com- 

iiuiiiitiu.s, 

• OSR gets iduiis and «xm|)iiiis it svmild 
not have otherwise, and at an extremely 
low co.st. One major lircsiUlirongh at 
tlic exploratory rtseatcli lesel can save 
millions of research and deu’lopmeiit 

• In addition to the rcsnnrees of toil- 
s'ersities and prisate orgioii/atioox. it 
has the ra))idly growing researeli facil- 
ities of iodnsttv usailjhle to it. 

I- Of the simple teasoo that US.VF will 
nes'er be able to ]xjy for all the research 
needed in sii|)port of new aerial wenip- 
ons. OSR has been asking industry to 
share research costs on a tcasmiable 
basis. Geo. Gregory said iodnsttv has 
gheo "exeelleiit eoo|x-nition" .so far. 

"Most of the research at this level is 
not elassifieel nor |)i'oprietar\ and it will 
he t)f use to indostrs' as ooieh as to the 

Air Force." Geo. Gregor; said. "Industry 
is re.iliziog this, and we are working 
nith them to a greater and greater 

Most of OSR's divi.sions work rela- 
tively little with industry because of Hic 
nature of their research. But the Me- 
chanics Disision — nliicli deals ssitli 
fundamental fluid mcchaoic.s. aeroelas- 
ticit;- and solid mechanics — said its con- 
tracting breaks dossil ronglils this was-; 

• American imisersitics-S2 million. 

• Iiistitntions-Sl-tO,f)flO. 

• hidiistrs-— SnO.OOO. 

• I'luropcan sources— STs.OOO. 

One Mceh.inics Division project illus- 
trates boss imigli a job O.SR has in trs- 
mg to recognize implications of .scien- 
tific ss'ork and then sell it to others. 
About four years .igo Dr. Edssin L. 


Resler. an associate research professor 
at -Maryland Unis-ersity's Institute for 
Fluid Dvnamies .uid Applied Matlie- 
m.itics. ssantesl to study dissociation of 
air moleeoles sobjected to extremely 
high temperatures ami jiressotes. 

Ik pioixised a slioek lobe that would 
sinndale lenipeiatnres and prussotes up 
to those ssliieli ssoiild lx- found at \hich 
-IO.andix.ssihlyeseoM;ieh lOO. 

-dthongh many sslm heard of Hic 
proposal scoffed at it. sescral industrial 
comixmies miss- ate using the tube, and 
it is the only one th.it can give data in 
the Mach -fO range. 

High-Speed Impact 

-\iiotlicr cx.iniplc of exjrlorafoiy te- 
seaieh that may ))av big disidends is 
the higli-S|X:etl impact phcimmcmin dis- 
coveresl by Dr. son Valkcnherg at the 
University of Ut.ih. 

Using ;i g.is gno. he fired plastic pel- 
lets into targets of w.ix. T'lii.s gave low 
shock velocities. It did not retpiire high 
vehxity to get peoelratioo. .\s the 
selrxih- of the [x-llets increased. ])eoc- 
tratioiis were deeper, jo.st as exix-cted. 

But at a speed around S.sOO mph., 
the pellet soddeiily ex|)loded or sub- 
limated. making a shallow pentration 
but a wide er.itcr. ;ipp,irenth bee;msc 
the pellet's energy was released so fast it 
turned from a solid to a gas. 

This cr.iter-|>rodiiciiig pliemmieoon 
mm- is being imesHg.ited. with metals. 
One .-\RDC officer suggested it might 
eveotnalh find applkafiim in an anti- 
missile missile's nnrhead. .Small p.ir- 
licles hitting an liKomiiig ICBM's skin 
might cause tin; explosions, making the 
skin "pix'k" to such a degree that fric- 
tion w ould burn it up. 


NEW FACILITY 

FOR 

RESEARCH 
DEVELOPMENT AND 
TECHNICAL LIAISON 

NOW AVAILABLE — slofl of ro- 

guided mrssife insfruinenfatron 
... to coordlnot. your rereorch 
and developmenl copobiiilior with 
\ the requirements of the Deportment 
' of Defense. We moinloin liaison 

lotions. Inquiries invited from privote 
industry. 

Dbm RESEARCH 


Reseorch 
Consultants 

STODDARD BLDG. 
COCOA BEACH FLOl 



AVIATION WEEK. August 6, 19S6 


335 






THROUGHOUT THE AIRCRAFT INDUSTRY, bearin?less Pottermetere are delivering 
accurate flow data during testing of aircraft, engines, rocket motors, and hydraulic 
systems. 

LINEARITY WITHIN over an exceptionally wide range, as well as long life in 
difficult seiwice, is obtained through hydraulic positioning of the unique "floating 
rotor”. This patented design feature, found only in the Poftermeter, completely 
eliminates thrust friction and does away with inaccuracy and maintenance prob- 
lem due to bearing wear. 

APPLICATIONS include reciprocating, jet and rocket engine test celts and 
flight test work. Pnllermelers are also in wide use in handling aircraft and 
rocket fuels, acids, liquefied gases and abrasive suspensions. 


WRITE for bulletin S-1 giving a complete description and performance data. 
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• EUROPEAN OFFICE 


Brussels Office Links ARDC 
To Euro[)e’s Scientific Research 

Brussels. Bilginin— The Fiiropoan Office of the .Lit Research and De- 
s’elopnient Coimnaiid is US.\F's windo«- cm the Europciiu sciaitific world. 

It sent-s not only to .scout Europe's foremost scientific talent hnl also 
as a liaison point between the American and European scientific eommmiities 
—a focal point for the exchange of scientific information. 


1 lie r iiropc.m omce was cstabli'lieu 
late in I'HZ. It has mi hmlget nf its 
(mil. letting eoiitr.iets onK for .\ROC 
centers at hunie, with funds which thev 
provide. 

Exploratory Reseorch 

'I 0 date the office has let .sonic 200 
contracts. ,i great many of thean in the 
field of exploratory research and most 
of them unclassified. 

riic nffice is licacicti by Brig. Gen. 
Don Miekinger. whose b.ickgruiind fils 
liiiii well for the joli. llis last two as- 
signments before Brussels were as 
Director of Researeli at ,\RDC 
Headquarters and as first cliitf nf the 
■Air I'orcc Office of Scientific Research 
.ifter it aeUiesed center status. 

Since a great deal of the Eurri|rean 
effort is in the evplorators- research 
field. OSR is one of Gen. Klickinger's 
best customers. 

Gen. Miekiiiger's staff totals onlv 
But through scientific incefings, 
visits from Air l••otee Tceluiieiil Liaison 
Officers, press releases, .\G.\RD ,m- 
nonncenients. personal ccintact.s, and 
the frequent visitors from .\RDC in- 
stallations in the United States, the 
office tries to keep linropc's scientists 
and rtscaicli institutions abreast of 
US,\I 's areas of interest. 

Rccognii'ing that the basic rcseatcli 
work nndcrlving nuicli of todav'.s tc'ch- 
iiology t-.mic from Kuro|)C. .\RDC Ik- 
lieves it is imesting in ideas that will 
pas off not only for tomorrow's .\ir 


I'circe blit across the board in whole 
fields of sfienec. 

The Haissels office cJiks not solicit 
icsearc'li pro)josals, althongli it might 
contact a scientist whose work is 
known, to he certain he knew US.kl' 
had a need in his field. 

W hen a .scientist submits a propoiail 
through the Brussels office, it gets a 
prcliininarv investigation before it is 
sent to the proper .\RI^C center. 

At tlie center eoncemecl, the pro- 
posal is given a texlmical evaliialinn. 
If it is approsc'cl. funds are transferred 
to Brussels, the eontract is negotiated 
by the office here, and the project is 

I he scientist submits his final Tech- 
nic-al Report to this office, it is for- 
warded to the center involscd and the 
project is completed. 

How Research Pays Off 

"In most cases the final Technical 
Reports do not result in a |ir(idnction 
item that c-an Ik niaimfaetnred in the 
U- S.." Gen. Miekinger said. "In 
other words we are not trviiig to spon- 
sor development of hardware or gadgets. 

"But just as freciiicntlv the research 
done ill I'hirope heliis solve applied re- 
seareli and development problems being 
midcTtakcii bv US.M'' laboratiiric-s and 
contractors in the V. .S.” 

Close liaison work with eontractors 

phase- of II project pays off. Ilie Bros- 



Tough Engineering 
Problem have 
you going 
around in 
circles? 

Leave it to MA YER 
ENGINEERING! 


Oi««rsificalio(i is our k«y suord 
that has helped unlock problems from 
complicated oircraft, components, ond 



as the b. S. GOV£RNMENT, euerr mo- 
(Or west coosi A/RCRAfT COMPANY, 
CeNERAt ElECrR/C COMPANY, SOUTH- 
ERN CAtIfORNIA GAS COMPANY, 
aORG-WARNER CORPORATION, TECH- 
NICOtOR CORPORATION, ond many 
others. 



Viiiisiial Ciireer Oppurliiiii- 
ties for experienced CNGI- 
NEERS. DESIOSERS, 
DRAFTSMEN! 



FRANK 

Mayer 

ENGINEERING CO. 

6442 Sonto Monica Blvd., 
Us Angeles 38. Calif. 
Hollywood 3-7121 
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HOW FAST CAN AMERICA 
STRIKE BACK? 


America’s defense is keyed to halt 
aggre^ion almost before it starts. 
In mere seconds, bombers of our 
Strategic Air Command, guided by 
a new bombing and navigational 
system, will be able to uako !o the 
air, seek nut. and smash any tliroat 
of war aimed in our direetion. 
Heart of this new IBM-built bomb- 
ing and navigational equiinneut is 
anelectronk c omj)Uter. With .speed 
and accuracy never before i>ossible, 
it .sift.s through reams of critical 
flight and target data and trans- 
lates them into vital facts for a siife 
and succeanful mission. 


These computers are IBM’s answer 
to a defense problem outlined by 
the Air Force. They provide mighty 
[iroof of the force generated when 

with .American businesw skills. 


Engineers ond Technicians! IBM 
offers unequalled opportuiiilic.s to 
work on computers, control sys- 
tems, and microwave circuitry— 
the most wide-oijen field in tlie 
electronics industry- Write: IBM 
Military Products Division. De- 
partment 718-Al. 590 Madison 
Avenue. New York 22, N. Y. 


• EUROPEAN OFFICE 


sds stiff often advises a scientist to 
steer clear of work .ilrcady being per- 
formed in the United States. 

.As a result, less tlian 10 per cent of 
all the proposals sulimittcd through, the 
Brussels office arc rejected because of 
duplication. 

Who Does the Work 

Most of Brussels’ contracting is done 
through uniicrsitios. although the re- 
search talent being bought on a univer- 
sity contract may belong only to one 


Is your present safety 
program BIG ENOUGH 
for tomorrow’s airliners? 


The distribution of F.uropcan .ARDC 
contracts breaks down tliis way: 

• Universih'cs; 64 per cent. 

• Industry: 17 jjtr cent. 

• National resoarcb institutes; 16 per 

• Individuals: i per cent. 

US-\l'”s research efforts were ex- 
tended to Kurope both because 
.ARDC must explore even' possible 
aiciiue and becaii.se Kiiropc's educa- 
tional environment and approach to 
science produce a greater percentage 
of basic rcscarcli-the perfect coiiiplc- 
inciit to tlic dcs’ciopmcnt and produc- 
tion talents of .American science and 
industry. 

Belgium was picked for its “scry in- 
ternational flavor, and to avoid getting 
imnlvcd in the political arena." Ccn. 
Flickingcr said- 


Dezen Countries Involved 

A recent breakdown of 124 out- 
standing contracts In countries shows 
the broad sco|x.‘ of ARDC’s activities: 


I 




12 Italy 
12 Holland 
Norway 
Sweden 
U.K, 


Austria 
Belgium 

Switzerland 
One of the greatest benefits to USAF 
is that a dollar spent on rcscarcli in 
Furopc goes rouglily hsri and a half 
times as far as in the United States, 
because of the lower salan- scales and 
the fact that ICuropean .scientists fre- 
quently arc less concerned with mone- 
tary rewards than tlicir American 
counterparts. 


How Scientists Benefit 

nicrc arc adsantages for the Euro- 
pean scientist, too; 

• Since most of tlie work is unclassified, 
he i.s free to publisli results in native 
scientific journals. Both he and his 
country benefit. 

• ARDC financial su|)port often means 
lie can undertako work he could not 
do otlicnvisc. 

Occasionally an ARDC contract will 
result in a tempnrary excliange of scien- 
tists between countries, and in some 
cases European scientists accept per- 
manent jobs in tlie United States. 


Compare your equipment . . . your passenger volume . . . your cost 
and risks of doing business today with 15 years ago. And tomorrow, 
the stakes will be even higher. 


COMPARE YOUR INCREASE IN CAPITAL INVESTMENT AND RISK 


YESTERDAY'S DC-3 

TOMORROW'S JET LINER /7? 

Cost: 

approx. $123,000 
PASSENGERS 4 

UiHIH 

ifii 

Cost: approx. $5,000,000 
PASSENGERS U t M t H 1 H H 1 4 

ttltmilHtiftititmiii 
limttltmiiiiHiiHlli 
IHIiltltltliiiiiiiiiitii 
ttHMitititiHtiiditm : 
iMtTiltltmiitliiiitlli 


Skydrol protects your capitalincestmentandlessensyour liability risks. 



The chart above proves what many pilots 
already know: To descend and land from 
high altitude takes sc much time that fires 


can lessen the possibility of these fires 
simply by rcpkicing flainmablc hydraulic 
fluid with fire-resistant Skydrol . . . the 
world’s only fire-resistant hydraulic fluid 
opprm ed by the C.A.A. 416 miUion flying 
hours’ experience bas e prosed Skydrol a 
better lubricant than mineral oil ... ex- 
tremely stable . , , can be re-used again 
and .again and won’t corrode metaL Con- 
version to Skydrol costs less than you 
think! For more information, write . . . 
OrgatUc Chemiaih Division, Moksaxto 
C iiExtiCAL Co., Dept. SKD-3, St- Louis 
I, Missouri. 


N MAJOR XIRUNES NOW USING SKYOROL 



MONSANTO CHEMICAL COMPANY • ST. LOUIS, MISSOURI 

Where Creative Chemistry Works Wonders For You 
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V ICKERS magnetic amplifier 
control system to steer 
tire satellite rockiet into space 
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HIIM FICTORS 



PARACHUTIST'S ARTIFICIAI ENVIRONMENT 


Human Factors Experts Integrate Men and Machines 
AFPTRC Helps USAF Economize on Time and Talent 


wherever the Air Force goes 



Herman Nelson delivers BTU’s "PDQ” 



This morir! liT-WO Pnrictblir llcalpr is ont‘ of a 
compU'h’ line of Herman Nelson I’orlable Heat- 
ing Products. Output: 40.000 to 4n0,000 RTV's 
pet hour. Opemting range: —65" F., up to 100" 
F. Weight: 280 lbs. 


Delivering heat in a hurry for the Armed Forces has been 
a Herman Nelson assignment for over 15 years. As pio- 
neers in packaged, portable heat, Herman Nelson engi- 
neers know how to translate new laboratory thinking into 
dependable, functional field units. 

If your problem is spot heat capable of high maneuver- 
ability, Herman Nelson is ready to assist you in finding a 
practical, workable solution. 




erman 


• HUMAN FACTORS 


Mating Man To New Weapon Systems 

By Gcorfic Clirisliaii 

Baltimore— 'llie Unman Factors Di- 
vision of the Air Rcscarcli and Dc- 
vclopiiH'iit Command’s Directorate 
of Development, is fast becoming tlie 
"go, no-go" gage of the most vital 
areas within the Air Force. Chief is 
Col. John M. Talbot. 

I'hc division's own research and 
development program— in the fields 
of human engineering, personnel 
training and acromcdicinc— is pacing 
USAF’s integration of men and ma- 
chines into weapon svstems. 

The progr.im's prime objective is to 
match the fnnnaii sub-.wstem to the flv- 
iiig machine svith high eflicienev so as 
to produce a in.i-\innini-pcrformaiice 
svtapitn system which will possess the 
greatest possible potential. 

Major human factors ageiio is the 
Air I'nrcc Personnel and Training Re- 
search Center at Lackland .\l'H. San 
Antonio. Tex. (See following article.) 

Ilnnian fachrrs scientists base the 
crucially im|)ortant job of determining 
the basic criteria for selecting and trani- 
iog .\ir h’otcc personnel for the many 
complex tasks to l>c performed, ff the 
men chosen are not capable of launch- 
ing. flviog or maintaining the extraordi- 
narih- complie.ited ,iml expensive 
weapon svsiems entrusted to tliem, the 
lethal inaclunes arc worthless. 

Tacklincj the Unknown 

■'llie principle hurdle confronting the 
flight surgeons, psychologists, phvsicists, 
hiolugists and others who make up the 
complex of ,\RDC is how to tackle the 

How will men and niaehiiics react to 
speeds, altitudes and tcmjscnitutes 
never before exisetienced? 

How do yon man US.\I'’ so it will be 
I'apable of handling weapon svstems of 
(he future? 

How do sou train men to do jobs 
licretofote imknown? 

Or. what sort of training svllahus do 
you prep.itc for a man to perform a job 
lie cannot perfonn in test— sneb as 
launching an intercontinental ballistic 
missile or taking off for the moon? 

Human Factors Goals 

Some major goals of the human fac- 
tors effort arc: 

• Human engiiiecting. .\ new con- 
cept just getting under way is to have 
human engineers sit at the elbow of 
wca|)on system engineers from the 
initial design stages straight through 
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HURRICANE SAM! 

That Supersonic Quiz Kid of the Air Force 
is extending the “state of the art" of pilot escape. 

Both Air Research and Development Command and its 
contractor. COLEMAN ENGINEERING COMPANY. Inc., are 
learning from Sam. the man-like dummy riding rocket sleds 
at Hurricane Mesa, Utah, important answers in solving the 
vital problem of “supersonic survival." 

COLEMAN’S closely knit group of highly skilled 
Engineers designed, built and operate Project SMART, 
the Supersonic Military Air Research Track, for ARDC and 
its Wright Air Development Center’s Aircraft Laboratory. 

Look for COLEMAN designed and built systems and products 
at other ARDC centers located at Eglin, Edwards, 

Patrick, Rome and Tullahoma. 


Electronic Dire Angle Control • Data Handling Systems • Digitizers 
Cinerheodolite Shelters • Air Field Vacuum Cleaners 



ENGINEERING COMPANY, INC. 


LOS ANGELES, CALIFORNIA 


• HUMAN FACTORS 


to the hardwire stage. (In the jjast. 
lhc\’ Mere not associated with a « eai»n 
system until the iniicknp stage). Pur- 
pose is to assure the weapon system’s 
compafahilih with Air Force inanpiwer 
available, to sec that a man uiil not 
need three hands to operate it, and to 
see tliat it will be readily inaintainuhle. 

Newest comet to the growing pro- 
cession of "Capon systems to which 
limnan factors scientists arc giving their 
dcisc-attention is \\'S-12i.\. the nii- 
c]ear-po"crcd bontber system being 
planned for the Air I'brcc. 

The big prolilcin is crew radiatipn. 
It is not no" possible to proside suffi- 
cient shielding to restrict crew radia- 
tion dosage to the 300 milliiocntgcns 
(nir.) per "cck allowed Iw the Atomic 
Fncr|r Commission. Hinnan factors tc- 

othcr organisrations, arc searching for a 
way around this apparent impasse. Navy 
<..\pcricncc with the nuclear-powcrcd 
submarine Nautilus is useless to the 
Air Force— the most radiated man in 
tile sliip’s entire cresv was exposed to 
alsout 600 mr. (a hvo-wcek dosage bv 
AFC standards) in a whole year. 

• Personnel 'I'raining. Berause in the 
Air I'orce more tliaii in any other 
.scrsicc. men svill operate singly rather 
than ill groups— lone interceptors, single 
atomic bombers, compared to mass in- 
fantry attacks and the bee-lii\e acKsity 
aboard hear ily |)opukitcd Navy ships— 
jsrediction and evaluation of human be- 
havior takes on an all-important stature. 

Iliis is one of the most invsteriinis 
arc.as of human factors that psychologists 
and psychiatrists hasc to plumb. They 
arc faced with siicli posers as: 

W'liat motiiatioii dris’cs a man to 
|iiIof an inordinately cumpheated plane 
at searing speeds through foul wc-atlicr 
and withering enemy counter-fire to 
knock down an attacking atoinic 
homher, knosving that if he succeeds he 
mav destroy himself in tlic process? 

flosv do you dissect such a wcll-wotn 
but .significant phrase .as “pilut unor?" 
W'ai the error trained into the pilot, or 
ssas it intrinsic to tlie aircraft, inviting 
a mistake? Or did the man teallv mal- 
function. and if so. why? '\Miat 
prompts a man to malinger? 

• Acronicdiciiie. This rapidly expand- 
ing field is a fraught witli new prols- 
Icms. Here Right surgeons, phvsiologists, 
biophysicists and manv otlier.s ^cKc 
into sucli riddles as How to combat 
zero G, wlien a pilot finds himself 
"ciglitlcss anri Ijeconics disoriented; 
vertigo, an unpredictalsic dizziness tliat 
seems to he related to tlie increasing 
speed and noise of supersonic aircraft; 
and Q loads, determined by indicated 
air speed and measured in pounds per 
square incli jircssiirc on the body, wliieli 
e-an smasli a pilot. 

Another acroinedical problem facing 
scientists squarelv is bailout survival. 


This requites tliat tlie pilot be protected 
from excessive Q loads and decelcrd- 
tion. and tliat the body body/seat. or 
bodv/capsulc, be stabilized sufficiently 
to |ireveiit fatal spinning immediately 
after cjcctirm. 

The human factors division at head- 
quarters works hand in liand with many 
other military and civilian agencies to 
lielp solve as rapidly as possible the 
seemingly unending |jroblcm surround- 
ing the design of \^■S-12;.^ as an op- 
erating weapon system. 

Among them arc tlic .^ctomcdieal 
Panel of the Air l-'orcc’.s Scientific Ad- 
visors Board and the .Moniic Kncrgy 
Commissiotrs and US.M’’s Medieal Ael- 
visory Croup for ANP? (Aircraft Nu- 
clear Propulsion Prugram), 

Cuneiitlv. linnian factors scientists 
ate busv feeding results of their tadio- 
biologieal research program to the 
Nuclear Svstems Project Office in terms 
tliat arc useful to engineers vvlio must 
dc-sign and build tlic \\'S-I25.\— namely 
reactor radiation effects on a Innnaii 
body's liioltigical end points. 
Predicting Behavior 

Predicting and esaluatiiig liumaii lie- 
hasior is a major roadblock facing 
human factors rcscareliers. As one told 
.'\vi.viiox \\'i:ek, "If vse could, with 
certaintv, predict how an airman i.s 
going to act at any particular inoincnt. 
we would make a real breaktlirougli in 
the area of human lieliaviut. and inajor 
pcrfomiancc improvements (of Ininian 
beings) eould tie anticipated." 

What are the eomponents of human 
beliavior? .A human factors scientist 
‘tiggested these several intangibles; 

• Motivation, tl)at impulse vvHich makes 
a man [icrform a specific act at a spe- 
cific time. Ihcrc is no known way of 
accuratclv predicting tl)at a given person 
will be inspired to perform the smne 
act each tinic he is subjected to a given 

• Intelligence, a quality for which there 
is no actual qualitative measurement. 
Batteries of tests allow researchers to 
select intelligent persons fropi among 
masses, but tire tests arc nut cmnpietcly 
satisfactorv for selecting on an individual 
liasis. .Much work is being done to 
refine flic tests. 

• Fmotional stability, an intangible com- 
ponent of Iinnian bcliaviiir vvliieli lias 
consider.'ble lieariiig on how a man be- 
haves under stress. Often, men who 
stand up best under fierce combat con- 
ditions are eniotionallv unstable mal- 
adjusted. anti-soeial, aggressive types. 

• Adaptability, a littlc-knovvn process 
which allows some [icople to adjust 
easily to a new order of things, accept 
discipline, and gener.ills switch from 
civilian to military riiiitinc vvitlioiit 
problems. 

• Morale, an inrlefinable qnality which 
scientists liavc not yet been able to put 




urcmvnt available for military service 
on liigh speed airplanes; particularly foi 
euperaome applications up to Mach S 
and beyond. Model lOlU features a 8C 
ohm plalinum resistance Ihermomelei 
element, hermetically acaled withuul 

aacrificing Ihr - * — ‘ 

Model lOIU 
highly rcsUli 
particles. 

We offer a variety of Total Tempera- 
tun Prol>ee for flight teat and lab re- 


of Total Tempe. 


laU boundary layer 

models and thermocoupio models useful 
to 1600^ C and beyond. 


WRITE! 
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REACTION MOTORS, INC. 

DEISIVIL.LE. NEW wIERSEV F 


RMl POWER ENGINEERING is developing a new concept 
for safer, more reliable ejectioi>systems-another example of in- 
creasing t^ersiftcation in the application of rocket technology. 


Engin«*rt and creotive and rewarding opportuntKei 

exist for aii type} of leehnkai specialists in the research and 
deveiopipenl of fockot power devices. Send complete resume 
and salary requifetnMls to employment monoger. 



• HUMAN FACTORS 

Intel ii test tube and scrutinize. 

Snme of the questions the rcscarcliers 
must deal ssitli are; 

While these behiniot components 
are ail properties of the human ncrsoiis 
ssstcni, do they liavc a connnon dc- 

moil priieess that |dcs on in the hmnan 
brain? Superficially, they all seem to be 
>tn diRcieiit. bht nliiit e.mses. intc- 
frates and controls these intangibles? 
Urgent Problem Areas 

Hi. \ W. IlLtlierin-tmi )r.. outlined 
lliesc urgent prolilein areas now being 
explored by human factors division 
scientists: 

• Dctemiiniug the ability of a iiilot to 
do the many jobs required of him 
within the time profile of a |xirtieular 
mission, or a phase of operation within 

mission. 

h'(ir instance, here arc t>pie-.il duties 
that tlie pilot of a modcni interceptor 

than it takes to read them; radar .st;itch, 
scope interpretation, anahsis of the tac- 
tical situation, attack cometsion. track- 
ing to inaint;iin correct scojic pattern, 
target identification, lock-on. judging 
the rate of closure, changing over to 
optical tracking, comerting to lead 
pursuit, firing, breaking off to ;i |)osilion 
of tactical advantage. 

• Squeezing gvcrv ounce of data possible 
from test flights. Bcciinsc of the con- 
sidctabic danger and great expense in- 
volved in test flying-a tbousimd ground 
man-lionrs mav be c.xpcndttl on one 
plane to obtain a single hour of test 
fl'iiig-liiss of a single channel of data 
or a minute’s flight test time mav re- 
quire expensive re-sclicduling. Bct-.uise 
the pilot usually is alone, it is diflicult 
for himian factors to a.ssutc the most 
efficient use of bis cvetv moment in 
the ait. 

• Helping engineers design into vorv 
high ]ierforinaiicc aircraft the means for 
crew members to escape safely. Ibis 
factor breaks down into three eonditions 
where escape systems nmsl funetioii; 

I.mv altitude, low spccd-the para- 
chute mint open qiiicklv enough to re- 
tard a crew member's fall. 

Low altitude, high s|)eed— the severe 
ilccclcration forces over a short period 
of time must lx; within human tolerance 
limils. riiinhlmg or spinning mint he 
eliminated or reduced to a minimum 
liccaiisc such motions reduce a m;in> 
tolerance to deceleration. 

High altrtudc, liigli speed— flic dt- 
cclctaKon forces will be lower tlian 
those experienced at low altitude be- 
cause thill atmosphere reduces Q forces. 
But the duration of deceleration will 
he considcrahlv longer, which mav have 
even worse effects on a human bodv 
Ihan high deceleration over short 
(xirinds, 

'l ire crux of tlic escape ptoblcm is 
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this; Human tolerance limits ate fairly 
well defined. 'Hie unknown qiLintity is; 
At what levels of aircraft perfonnanec 
arc tlicsc limits reached? 

Rescarcli scientists believe the limits 
of limnim tolcr.iiicc to escape in an 
ejection scat, where injury is the tol- 
erance criteri;!. are speeds hot exceeding 
fiOO knots and altitudes under 50,000 ft. 

But what is the v-.itdstick of injury? 
A rcsc;itchcr suggested that "iiijnn” in 
this case be defined as a reversible in- 
jun- or one that w ill hc.il itself without 
untluc attention, suth as a cut, bruise 
or slight sprain, as opposed to a fracture 
or deep cut whith would re'quirc med- 
ical attention to remedy. 


Another wnv of defining an “accept- 
able" injury is' to sa)- that it would not 
interfere with a man's abilitv’ to i>ct- 
form his priman' duty when he hits 
the ground, he"th;it self-preservation, 
such as seeking a hiding place or pad- 
dling a raft, or attacking the enemv-. 
Destructive Cacophony 
The cicoplimiv of modern mililary 
;urcraft and missile cngincs-turlmprop, 
tiirliojct. ram jet. rocket and afterburner 
—can translate noise into acoustic 
cnctgv which mav Isc destructive to 
crew.' to airframe and to acatures on 

• Effects on crew. Acoustic energy can 





Debigied expressly lor mililary arid civil airlifl 
missions, the NORATLAS fulfuls all co '30 duties - 
(rom transport of vehicles, weooons ond per- 
sonnel to porochute-dfops o* I'OOps and heovy 
equipment, 

Orrginolly developed for the french A'r Force, 
ond currently e 

for military and 


MAIN CHARACTERISTICS ' 

Cargo coRociiy 1800 cubic feet 

Maximum speed 218 knots 

Moxirnum cruising range 2200 nautical miles 

Moinienonce is stmplihed by complete interdunfcobi- 
tity of parts and major structural 
components. 

Operating cost is omong lowest (orony corgo air- 
craft, averaging 16 
lon/mile. 


I 



• HUMAN FACTORS 

i.nisc m.iin uffuc-tx 1111 pilnt ;nid 

CTunv, Ven Iiigli iiiloiisiti noise in tlic 
UiO-IZO ili'i'ibi'l i.ingL' i.m urcilu xifii-i- 
fioiis r.in^iiig front inlok'r,il)lu-Micli ;is 
Tiiptuicri u.ir dninis— to mnvuu'u '.tine, 
Midi ns K'liipor.irs di'.ifiK'S', nitli its 
dtir.iHon dcpyiidiny on tlit iiitoiisitv 
:md diir.itioii of tin.' tinisc. 

Noise .ilni ni.u li.nc more subtle, 
sinister uffeets on tlio luimnii bodv. 
Since iiemistie energs e.m 1 k' trims, 
milted direefb tiuongli flesli nnd Isonc 
it nin\ lie i«)ttiitinlK injiirioii' to tlic 
nervous ssstem. 

Some iinnsii.i) effeets .tttrilnit.ibk to 
iicoiistic energy .ire n.ni'e.i. beennst of 
pos'ilile effects on ntrse endings in tlie 
nlxlonieii. .Old loss of eijiiilibrinm. nr 
serfigo-eontviviibl' t.ni'ed b\ jnrring 
tlie nerve emliny' in tbe e.ir’s semi- 
cirenlni c.miiK- 

Seientists nl.sn iiic investigiiling tlic 
possible effects of nconstie energv on 
imistiilnr eoiirdinntion. I'licse studies 
trent sound its ;i force r.iHicr tlnm us :1 

• I'iffcct on iiirframes- Ciircfid investign- 
tion Inis slimvn tli.it some iiconstic 
cnetgv mitpnts iirc liigli enmigli to 
eiiiisc ciirlv fntigne fnilures in linsie iiir- 
fninie sfrnctiiic- '1 be vnne energv is 
nlsii siispectett of proinoting prenuhirc 
fiiiUire of sncb relntivdv ddic<ite iiirctiift 
coinponenf ns nviimic gent nnd iiistrn- 

• I'.ffccts on ground crcafvitcs. Tlic Air 
Torce retcives iin incre.isiivg iinnibct 
of compTiiints from person' trviiig to 
rnive iniimids neiir iiir bnses. eonetming 
file liiiilogiciil effects of lovv-flv ing |3lnnts 
I'll livesliick. Some of tbe eoniplnints- 
iiMinllv netoinpiinicd bv n demnnd for 
reimbnrscinent-nrc: mink cut their 
vonng. fliitktns Iny fewer eggs, cows 
jirodntc less milk, nnd turkeys stnm- 

riie Miinid cicntcd by g.is tnibinc nnd 
rocket |)imci))l:nits spreiids over ,1 brond 
tra|iieney six'clrimi. CciuT.illv. the 
lower frctjitcneit's-licliiw 1,000 evdes 
|X'r sccsintl-cimsc the gre.itcr dnin.igc, 
while tlie liiglier fret|neneics nre ensict 
to nltcniiiitc. 

\ jjolenti.illv interesting concept, 
still oniv n liiborntiirv enriositv, is tliiit 
of "siiimd ciineelliition" i.AW Nov. ZS, 
p. ssl. 'I Ills tlieon- suggests tli.it sound 
pressure fluetnnfiims mnv lx completely 
snpprtssctl bv creating o|i|)nsiiig flue- 
tnntums cx.ictiv out of pluise with tliose 
io he diminnted. 

Perfection Without Practice 

I lie genenil tnsk of tinining pco|)lc 
to do sjxeifie joiis with precision imd 
speed, either ns iiicliv idniiK or ,is a te.nn. 
is u ditSenit one. The job hikes on 
ridded rnmjjleNitv wlien it comes to 
tmining .1 ni.iii to do n job eoricctly the 
first time vvlicii he e.imiot pnicticc lie- 
Ciiiise it is piilitie.dh too d.Migerons nnd 
fmimcinlK expensive to In. Siidi iv tlic 
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Need Special Motors? 

Airborne mokes them in ratings from .008 to 2 hp 


In precision-built electric motors, 
Airborne offers you a com|)lete line — 
both dc and ac — in frame dimensions 
ranging from 1% to 4 in., and with 
integral niagnelic brake or magnetic 
brake and clutch. 

These are the same motors that power 
the well-known Airborne actuators 
and electro-mechanical systems, and 
they range in weight from 4 oz. to 
8 11). They have proved exccptionallv 
reliable in service. 

Designed to comply with military 


specifications MIL-M-8609 (dc) and 
MIL-M-T%9A fac). Airborne motors 
nre built almost entirely from 
Airboriic-produccd coinponenls. All 
nioclds feature ball bearings through- 
out for long service life. 

Make Airborne your beadijuarlers for 
aircraft electric motors. Our slock 
line will nieel practically all your 
normal requirements, and if vou 
should need a special motor, remem- 
ber we have the staff and facilities to 
design and produce it for you cjuickly. 






Another Scott ^ 

Achierenirnt. 


A Completely Integrated System of High 
Altitude Breathing & Survival Prorection 

For a quarter of a century the practical results of Scott Research and Development 
have enabled Scott Aviation to in.iinrain its leadership in aviation breathing 
equipment. Now Scott announces production of a completely integrated system 
of higli altitude breathing and survival protection, so necessary for the pilot 
in today's high performance, supersonic military jet aircraft, 

Whetliet in flight or ejected, breathing protection is automatically maintained. 

In an emergency, aircraft main supply lines are disconnected automatically and 
the self-contained unit is actutited without human effort. Simplification is the 
keynote of this new Scott System. The usual maze of hoses aod wires h.ts been 
elimituited . . . with considerable weight saving. 

For the shape of things to come, keep an eye on Scott R & D! 


SCOTT AVIATION CORP. 

r% ERIE STREET LANCASTER, N.Y. 

Esport; Southern Oxygen Co.. 15 West 57ih Street, New York IP, N.Y. 



NOW READY 
FOR PRODUCTION 
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case in training operators to launch an 
intcrcinitinciit.il ballistic missile siicli as 
.-Ulus. 

^'ct if the day conics when tlic 
missile has to he launched for blood, 
ii is imperative that the operators per- 
forin tltc job uncrringlv. ;\nsvvets he 
in shmilators ,md jiart-t.isk trainers. 

I'his brings up other criieial factors. 
Dow mucli tiaiisfcr does a man get 
(rimi a sinnilator to actii.il liardware’ 
Is the transfer subst.intiallv the .same 
for different men with identical train- 
ing on the simulator? How much shim- 
lation do sou need and how realistic 
docs it liavc to he? 

rhe latter question is |)arliculatlv 
significant because realistic .sinud.itiim 
costs a lot of monev. and it is often 
difficult ami costh to change ,i realistic 
.simnlatot to keep up with inodificiitiims 
to file actn.il firing inachine. 

\eserthelcss, insufficient simulation 
leads to poor transfer. I'hc problem is; 
W here is the dividing line iKtwccn too 
nnieii ,ind not cnougli? 

Training Advances Needed 

An intense engineering effort is neees- 
san- to aceoinplisli the advances US.\I' 
requires in the tlevelopineiit of sptci.il 
trainhig dev ict^ in these major areas; 

• Complete iniMioii .siinnlatioii, inclntl- 
mg 270 deg. visual simulation. This 
the .\ir l-otcc wants in 10 ye.irs, 

• Fnll ttaining in a device cap.ible of 
siiniilating ;ill cnvitiininental conditions 
such ,is G-forces. motion, vibration, 
noises and ligliting. 

• I'nivcrsal coinputets for flight simu- 
lators so th.it machines niav he kept up 
to date witliout expensive and lengthv 
down-time, and to make the sinuilabir's 
match siicccsvive changes in the weapon 

• Syiitlie.si/ed ftaiiier eorn|Kineiits which 
ate less c-xixaishe to Imv, rc<|ihre less 
le;id time to obtain and are mote re- 
liable and more inaintainable than the 
01 >erati 0 iul units now used on trainers. 
Txaniples are use of opcratiou;!l rael.ir, 
and other actnal avionie. hvdraiilic or 
pneumatic components on trainer.s. 

• .-kircraft observer flight simnlatot to 
gise observers ibombardiur-navigators) 
the san 1 C mission-h pc training as is 
giv en to pilots. 

• Bomb scoring sssteiii to ;iUow Str.i- 
tcgic .\ir Command and Tactical ,\ir 
Command to score crews on .siinnkitcd 
bomb relcxises. 

Ill addition, tlie .\ir Torcc w;uits 
trainer and simulator manufaetutets to 
eontimie to einphasivc reducing the size 
of their products and increasing their 
reliability and maintainabilitv. 

.\lthimeh the human factriVs scientists 
deal largely with tlie abstract .ind often 
in Die fntnre, .\RDC and L'SAT con- 
tinually reevive from them valuable 
data that makes the task of molding a 
w eapon system easier. 



’s fully automatic 
multi- directional protection! 


A MINIATURE SPOOL TYPB HARNESS REEL 


^P^Ts-ic's the most advanced design in personnel proleetion—thc Pacific 
HK-dO Shoulder Harness Reel! Based on the same principle of 
operation as the nosv standard HR-30, this nesv reel works against any 
force which tends to throvs- the user fi*om his seat — in nny liiivciiim! It 
permits full mobility and freedom to perform all duties, yet. when an 
emergency does occur, it locks insi.-inlly and auiomuilcally to hold the 
teal occupunt safely in place! 

Made to Ihe ahvohne minimum sseight. the HR-40 sveighs only 20 ounces, 




Paolflo devslopnaent for 
gi-ea.tef Tllgyst safety 
and oomfoi'tl 

° 5n'h.1?re?,'lrTe'«;SM." 

□ Please send me Inloraielion on the HR-M (con. 
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It’s "GUS” . . . another 
product of Arrowhead 

Research and Development 


Sky-high fashion in spncfi suits for the upper stratosphere 
is only one advancement of Arrowhead Research 
and Development that contributes to the safety and 
well-being of the nation's airmen. 
In developing this revolutionary high altitude 
pressure suit for the Navy’s Bureau of 
Aeronautics, Arrowhead scientists relied upon 
long e.xperience in engineering, research design and 
production toward solving the perplexing 
problems of mobility and comfort. 
Arrowhead is the originator of flexible fiberglas 
ducting made of fabric and rubber for use 
in aircraft. Continued research has 
been responsible for the development of a 
complete line of plastic, rubber and 
fabric, and stainless steel bellows ducting products, 

* 

GARMENT UPPER STRATOSPHERE 
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MAINTENANCE 

LABORATORY 


AIR FORCE PERSONNEL £» TRAINING RESEARCH CENTER 
GEOGRAPHIC LOCATION 



Lackland Improves Use of Manpower 


Ijckland .\FB. Tex.— The principal tc.sotirce with whicli the .Air Force 
Forsonncl and I'raiiiing Research Center deals is^niniun Itcings, rather than 
laboraturt nninials or machines. 

'"lliere are no monkeys and rats in tliis outfit. AA'e do all oiir rcseatclt 
with officers and airmen," Col. Herl>ert N. Cowles, commander, said. 

"AA'e do not stud}’ mazes and gadgets. Ratlicr, wc tn to learn more 
about basic liiiniaii traits and individual and group behav ior characteristics.” 


.•M' FI RC does study sonic electronic 
and iiict'lianicnl equipment— in tlie 
form of simulators and trainers— but 
cmh’ to detcnninc how it can best fit 
men and macliincs together. 

Wide Network of Offices 
Tile Center, formed in 195-1. lias 
three ni.ijor laboraturics— tlic Persoimcl 
and Operator luihoratories at Randolph 
A1''B and the Mainleiiancc Laboratory 
at Lowry AFB, Otitcy major imits 
are the tlflice for Social Sciente Pro- 
grams at Raudolpli and tlic Office for 
Qualitative Personnel Requirements In- 
fonnation at Lackland. 

Several other units also conic under 
the Center— Intelligence Research Field 
Unit, Maxwell; Snr\:v;il Research Field 
Unit. Stead Strategic .\ir Coin- 

inand liaison office. Offntf .\IT1; .\ir 
Defense Cominand Office at Kiit .\FB; 
Strategic Svstems Branch at Mather 
AFB; Defense and Tactical Svstems 
Branch at Tyndall ,\F B. 

■\ quick statement of AFP I’RC's 
miMion might be. "To help the USAF 
economize on two essential commodi- 
ties— finic and talent." 


:\ Center spokesman gave this more 
formal statement of its goal: 

Tlic mission of .M-'PTRC is tn max- 
imize the effectiveness with which the 
limited manpower resources of tlic 


Force Personnel ond Troining Research 
Center . , . born Chicogo, III., 1908 
. , . groduote Northwestern University 

Southern Oregon College , . , attended 
Michigan University and Air War Col- 
lege . . . reserve since 1929, active 
duty since early 1941 . . . special mis- 
sions in Europe and North Africa . . . 
Air Troining Command Stoff 1944 . . . 
Pacific Air Command, 1947-1949 . . . 
War Plans Division. Office of Deputy 
Chief of Staff for Operations, USAF Hq. 
and chief. Budget and Legislative Divi- 
sion, Directorate of Personnel Plonning, 
1951 . . . commander AFPTRC (formerly 
Human Resources Research Center] 
since August, 1952. 


United States arc iitilizcel tiiioogh: 

• Determining personnel leqiiirenicnts 

• Improving selection, cla.ssificatioii. as- 
signment and other aspects of tlic per- 
sonnel system, 

• Improving training methods and de- 

• Improving of team work and oigani- 
zation effectiveness from the level of 
individual weapon system crews up 
through the overall .\ir Force manage- 
tiK'iit stiueturc. 

• Improving methods for collecting and 
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AIR FORCE PERSONNEL 
AND TRAINING 
RESEARCH CENTER 


aiial\'zing human factor elaneiit.'; of in- 
telli^nce datii- 

By helping other ARDC centers to 
imticipatc personnel and training prob- 
lems gcnCTiitcd by new weapon s\-sft'ms. 
AFPTRC will help minimize training 
costs and personnel defieicncies when 

consuming and expensive equipment 
retrofits, and improve future personnel 
training systems. 

By helping to soh-c personnel and 
training problems assocLitcd with ex- 
isting wcaixm systems, the center can 
improve present USAh' personnel and 
training (P&T) systems. 

By accomplishing the neccssarv re- 
search in psychology and social sciences, 
it can make radical reductions in the 
lead tinre required to develop personnel 
and training know-how. Ihc goal is to 
have a pool of information broad 
enough to ]>ennit rapid answering of 
irew questions as thev ari.se. 



Dual Approach Usod 

To accomplish its manv-sided mis- 
sion. Al'FI'RC uses men of manv 
different skills and professions— psycho- 
logists, sociologists, mathematicians, 
electronic engineers and test pilots. 

lb achieve the Air h'orcc's basic aim 
of producing the most efficient weapon 
sy.stem controllable by man requires the 
services of three types of specialists— 
liiimau engineer, the personnel psychia- 
trist and the training psychiatrist. 

'Ilie human engineer tries to fit the 
machine to the man. Working with 
design engineers throughout a weapon 
system '.s development cycle, he recom- 
mends design characteristics that will 
make the machine most readily used 
and easily maintained by the greatest 
number of people. 

Tlic P&T psychiatrist works to fit 
the man to the machine. He de- 
velops ways of selecting the best man 
for the job at hand and dcsises new 
training methods to make it easier and 
faster to fit men to machines. 

Since the jobs overlap, each man 
niust keep close track of «hat the other 

Personnel Laboratory 

Mission; "'ro support the Air Force's 
personnel system.” 

To accomplish this, the lab; 

• Does research in support of an officer 
and airman career progression program 
and proposes an advanced education 
curriculum for officers going to com- 
mand and staff positions. 

• Develops techniques for selecting and 
classify ing pilots and other kev person- 
nel. .As a result many able young men 
with high school education or one to 
two years of college have been sent to 
aviation cadet training. 

Validity of USAF pilot selection 
tests is underlined bv these figures. 
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— then meet TECO’s 
Ei'nie Overgai'd . , . 

Hes a tnp executive rVice>president in 
charge of Engineering) at TECO and a 


Aircraft seats? 




Technicol Director Mointenonco Lob 

using as vatdsticks 100 Ait force 
RO'I'C gcaeUuites going into priinart- 
pilot training of tliiisc cadets scoring in 
tile upper tlitec brackets (7. H and 
9). five can be expected to wasli out 
witli a loss in training costs of S10.000. 
Of those scoring in the middle three 
brackets (4. 5, ft). 2l9fi arc expected to 
«asb (lilt at a loss of SIKO.OOO. In tlic 
bottom brackets, SsC? iinihabK ssill 
stash out at a wluipping cost of 
S49.S.I)00. (Cost per elimincc was figur- 
ed at mOODl. 

Careful checks tnivc shomi that asia- 
tioii cadets cnin|x.'tc successfully with 
RO'I'C graduates. Also, a greater per- 
centage rcinain iii scn'icc after their 
training. 

Mission: 'To eoiitimiallv improve 

the etfeetiveness with which men finie- 
tion as components of weapon systems 
bt detennining skills and knowledge rc- 
(|uited and iinptoiiiig training proce- 
dures and deiiccs." 

F.mpli.isis is gitcii to establishing 
linkage between a new wciipon ssstcni 
and its cretf so that trained personnd 
uill be asailabic as soon as the svstein 
becomes opeiatioinil. 

Part of the lab's airrent tceliiiical 
piograin. in the |>eteeptiial area, iii- 
uils cs sstirking ss itli Strategic Air Com- 
inaiid on the problem of ta^ct identifi- 
cation- Obvimislv, the best planned 
bombing mission is a total failure if the 
target eaiiiiot lie identified. 

The problem is complicated bee-aiise 
ladar target presentation is more dillt- 
eult to identifs than sisiial and if war 
started tomorrow, 909f of all bombing 
would be done «ith radar target identi- 
fication. 

I'onr devices are used to help ob- 
seners identifs t.ifgcts: 

• Multiple |)iehiic8 so the ohsetser can 
aiials/.e the target arc-a from several 
angles. 

• Nlotion [sietiircs of the radar scope's 
presentation. This is not too satisfae- 
torv. Because of the degradation factor 
of todav's movie film, it lias difficulty 
picking lip the faint hates on the scope 
vvhicli might mean flic difference be- 
tween identifving and failing to iden- 
tify the target. 

• S’idco recorder whieli rc|)rodiiccs 
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It. Col. C. D. Ellis It. Col. W. V. Hoien 
Qualitative Personnel Personnel & Training 


scope prcscnt.ition clectrouically. nver- 
coniiug the degr.idation factor. 

• Comparator, a new ty|)c of bombing 
svstem wliicli will give either a side-hy- 
sidc or siiperiinposcd prcsciitatiiin of 
the target and flic area over wliich the 
bimibcr is flving. \'o decision lias been 
aMclicd as to vvliich is llie better 
presentation. 

Otiicr jirojects under way inelndc; 

• Target stiidv to analv/c how and win 
identifie.ition errors were made. 

• Detcnniinition of emergency prneo 
(lures to be taken by tlie observer in 
ease mechanical inalfnnctioii. nnptc- 
dieted weather conditions, or otlier 
impediments create last-minnto oh- 

• Trainer utilization study to get maxi- 
mum use from tlic maeliines ami s|)ced 
up training. 

Mission: ‘'Idcntifi training rei|iiirc- 
incuts for new weapon systems e.irly in 
the devehipnienl stage and improve 
limccdures and devices for training 
maintenaiiee iscrsonnel for new .iiid 
existing systems." 

I'his labnratcin- has a technical rc- 
vearch progr.im cos ering fiv e are.is; 

• Fffieicnt teaming conditions. 1 hi' re- 
volves around attempts to sUortui .iv 
much as possible the time rec|uired to 
train a man to do a specific job. Studies 
liavc determined that eonsiderahle im- 
provement in [X.'rformantc level results 
when training conditions arc arr.inged 
so that Ic.irniiig t.ikes place with flic 
least effort. 

• Maintenaiiee training erpiipincnt ehar- 
acteristies. I he problem of providing 
nigged, c.isih adjusted maintenance 
t<|ni|>nitnt which will teach students 
all the prnhlems of tracing out cir- 
cuitrv. trouble-shooting and the many 
other headaches of ni.iiut.iining today's 
complex aircraft is greatly sini|jlificd by 
using simulator-tv pc training devites 
instead of aetuaf iiircr.ift cc|uipineiit. 
M.ilftmclions mav be set into simulators 
without damaging them and they can 
Ivc c|iiickly readjHstcd for each new 

• ^[(.‘3snrClnent of individual piiifi- 
cienev. The l.ih has dcvcioised sinni- 
lator-tvijc devices which incasiite .i 
man’s individual job proficiency at vat- 


QUALITY 

MAGNESIUM 

CASTINGS 



A MAGNESIUM SAND CASTING ul tile Dow foundry. Muay kinds of ('a^tin*^s arc pro- 
duced — Htllk (jnallly standards to nicvl tliu (V[tccial mxafa of ilia airvrari imln-try. 


. . .for the Aircraft Industry! 

ORDINARY AND EXTRAORDINARY 
SAND CASTINGS 

PERMANENT MOLD CASTINGS 

PLASTER CASTINGS 

vou N.V'iE THE rv.sTixc, Dow cun supjily you with any 
shape or size I'cipiired. Specialized insiKTlimi lc<'hiiii|UCB 
rigiiily imiinluiii your sUimlurds and .sperifications. 

Heavy. vvail or ihin-vvall, the best — and surest — answer to 
your prohlfiiis are Dow magnesium caslings! Coiilael yout 
nearest Dow sales uflice for additional information. 


rilE DOW aiKMIfl VL COMPANY 
ToiiikIi'j .ShIvs. Ditj City. Miehiguii 
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Exactmgly designed— and precisely built— tor maximum 
pertormance under all conditions— these Hoover-built 
electric power control units have been an integral 
contribution to American aircraft development for more 
than a decade. Aircraft designers, engineers and pilots alike— 
rely on Hoover dependability— and Hoover has 
always repaid that confidence with Performance PLUS! 



Hoo\ er Electric will design and manufacture special actuators and 
motors, special gearing anti complete power package units for any 
application— in experimental or production quantities. Write today! 


BOOVBBi 
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ions points in his tr.iining. and later in 
liis career. The aim is to proi’idc a 
means of determining how well im- 
provable skills have been kMincd. 

• Effective on-t!ic-job performance aids. 
Jn an effort to avoid fnrdng a man to 
ii’cinori/.e masses of mateiial. only part 
of n-hich is of any significant \ahie dur- 
ing most of his career, the niaintcnanec 
lab came up with a mcclianie’s hand- 

W'itli this in his pocket, a nicchanic 
can pinpoint malfunctions without an 
intimate knowledge of the whole system 

■ Forecasting maintenance job rcquiic- 
ments- Here the lab is faced with the 
same problem confronting tiie other 
laboratories — what training require- 
ments and skills will he needed to train 
men to maintain nesver, more expensive 
and more complicated weapon systems 
IS they are produced? 

Social Science Programs 

1 lie mission of the Office for Social 
Science Programs is: "'Ilic application 
of social science knowledge to such 
problems as team-work and morale, 
leadenhip and inotisation, and intelli- 
gence data collection, target comniimi- 
cation. silts is'.il. escape and es asion, and 
resistance to interrogation." 

This office has deseloped inipros'cd 
methods for recruiting soluiite-cis for 
(he Ground Observer Corps, helped 
Wright .Air Dcsclopment Center solve 
.1 big ground noise problem, and in- 
sciitcd a device to nic.isure the level of 
mechanics’ morale after the introduc- 
tion of ncss' job methods, 

Ilic office also has engaged in studies 
^omctinlcs with Ihc hd]) of universi- 
ties! including: a fout-vear analvsis of 
Ihc Smict social system and trends 
'llanardl; effectiveness of leaflet drop- 
ping. including the aspects of physical 
distribution, speed of news dissemina- 
tion, and ncs's effectiveness (University 
of Washington!; and how to influence 
un;ittainablc pcoplc- 
QPRI Budget 

.M 'FI RC's conimaiidcr. Col. Cowh-s. 
mid the Office of Qualitative Pcrsniiud 
ltc(|uircmeiits information is one of the 
Center's must import.iivt iion-rcscarch 
programs. It is an engineering scrvncc. 

Mission; '’'ro provide i!iformatio!i 
.Old rccomn!Cndations on personnel and 
rraining problc!!is generated bv new 
•\ir I'orce vveapnn svsteins." 

QPRI is a relatively new set of 
initials in the .Sir force's lexicon. One 
ol the first air wca|)on svsteivis on which 
lilt organiz;!tion did a studv vv.is the 
l.ockhccd I•■-I04 Starfirc. 

In fiscal I9s6. the Center used 
Si.712,000. of which Sl.fil2.000 was 
imdct the Tcclinie;!! Program and 
^100,000 was under the Operational 
Program- ■ 


ENGINEERS, 

Electronic & Mechanical 


PHYSICISTS: 



Choose your location 
when you join Melpar 


Melpav's R & D operations are ■ 
of the country’s more desirabh eo 
D. C-. Watertown and Boston, Mas 
affords engineers Che opportunitj 
tural and recreational i-esources \ 
Reeai'dless of which locale he : 
find that our advancement policies 
tuve provide opportunities uncomi 
whole. 

detemine progTesa- Regardless o 
ure, an engineer is given more 
iis soon 08 hr ia ready. There is ah 
at Melpar. because we have double 
for the past 10 ycar.s, with a prop 
and middle level openings. 


entered neai^and in two 

to enjoy re.search, cul- 
eli above the average, 
elects, the engineer wili 
ind organisational struc- 
lon to the industry as a 

he list of factors which 
complex responsibihties 

i in size every 18 months 
vrtionate increase in top 


Our engineei-5 gain compreliensive experience In all 
phases of engineeiing problems. Each is assigned to a 
project team which is charged with responsibility for u-ftolc 
problems, from design concept to completion of prototype. 

The engineer will find each of Melpar's laboratories 
fjilendidly equipped with an eye to both present and future 
needs. Fully air-conditioned, each laboratory has recently 
acquired additional facilities. 

We extend financial support to those who intend to 
pursue advanced study. Fully acoedited cour.ses are avail- 
able at our main laboratories. 


Write for eompleie information, indicating geographical 
preference. Qaalified candidates will be invited to visit 
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Jieiii-eaentative 



MELPAR Incorporated 

A subsidiary of TTesfingftouse Air BroJee Company 
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Aeromediciiie Reinforces 




Ku-m'II Ha«kc:. 


Weak, slow and \ulnctabk- to iiijtin. man still is a vital part of any 
weaiKin system. 

Tile Aero Medical I.aboraton at \\Tight Air neselopnient Center, 
commanded by Col. Jack Bollenid, and the Aero Medical r'icld l.aboratory at 
Holloman Air Dci elopnieiit Center, connnanded by Lt. Col. John P. Stapp, 
have the essential job of learning how to protect man and reinforce his 
weaknesses. 


•\sidc from its own large imentot)- uf 
talent, the Aero Medical Laboratory al 
W.U3C calls on the resources uf prisatc 
organizations sshich hold 1S5-200 eon- 
tnict.s and do 60% of the lab's rcsuirch 
and dcTclopnient work. 

Its total effort cost S4 inillioii in 
h'iscal 19s6 and will cost S5.4 million in 
fiscal 1957. I'lie new figure rcserscs an 
upward trend in expenditures which 
amounted to an inercasc of 5500,000 
anuallv in 1935 and 1956. 

The lab is divided into sesen operat- 
ing branches, employing 39" i«o|)lc. 
I'liev include 275 professional engineers 
and scientists. 'Hie branches arci 

• .Administration and Sersice which 
ptor ides design, dr.ifting and technical 
sen ices and adnihiistratrre support. 

• 'I'liree htanclies that emphasize tv- 
H.irch-Physiology. Psytholug) and Bm 

• Two branches which emphasi/.c de- 
\elopinent-f.ngineering and neselop- 
ninit and Clothing. 

• Aircrew Effectiveness Btancli. whieh 
integrates the results of .Aero Medical 
Lab work into weapons systems. 


One uf the lab’s rcsponsilrilitics is fur 
re.scarch and design or oxygen systems, 
pressure breathing desices and pressure 


.Most medical men consider pres- 
sure breathing undesirable but it is 
dilfiailt to find an altcrnatisc. 

Pressure breathing has been found to 
be an effective nrtans of raising man’s 
altitude ceiling above 40.000 ft., the 
safe upper limit when 100% oxygen is 
brcatlied at the prcssuic of the sut- 
EOnndiiig atmosphere. W'ith increasing 
altitude, carbon dioxide and water s apor 
occupy an increasingly larger portion of 
!ho available lung volume. At 50,000 
ft., where atmospheric pressure is only 
ST inni. of mercury, tire lungs would 
tUcoreticallv he entirch filled with these 
two gase.s at their a's|)ccti\e |)iirtial pres- 
sures of 40 nim. and 47 mm. of mtr- 
ciits-. Under tlic.se conditions o.vygcn 
ninst be introduced at a pressure higher 
than atmospheric. 

Pressure breathing has shortcomings 
of its mvn. It is tiring and it requires a 
eertain amount of practice because it 
reserses iionnal lung action. 



360 


AVIATION WEEK, 


6, 1956 


• AEROMEDICINE 


Frail Man 

Ordinarily, inhalation is caused by 
the muscular e.xpan.sion of the chest 
casity and exhalation is caused hs re- 
laxing and muscles. With |)ressurc 
brcatlimg. relaxing the muscles .illows 
the pressurized oxygen to flow into the 
lungs, and a muscular effort is required 

Because pressure breathing requires 
deliberate effort, it is possible for the 
pilot to expel ton mneb carbon dioxide 
through bis lungs. 'I’his upsets the con- 
trol of respiration, which works bs sens- 
ing the blood’s carbon dioxide. 

.Altbaugli some extra altitude is at- 
tainable witli pressure breathing alone, 
the use of this system is limited to posi- 
tisc pressures of 10 to 12 min. merctirv, 
Prcssnre.s abos e this Icscl not only make 
it difficult to seal a face mask but also 
inhibits normal circulation of the blood 
bv compressing blood s'esscls in the 
chest cavity and obstructing tlic return 
ot venous blood to the he-.rrt. This in 
turn reduces the solumc of bloixi 
pumped by the heart and could lead to 
fainting in a short time, depending on 
the level of pressure and the vasomotor 
response of the individual. 

At 65,000 ft. pressure altitude' the 
blood vaporizes at body tenipcrature if 
pressure is not maintained at a level 
higher than that of the ambient air. 
Pressure Suits 

When a pressurized cabin cannot be 
Used, the solution to the problem of 
flight above the usehil altitude of |)rts- 
surc breathing is the pressure suit. It 
is designed to balance the hack pressure 
exerted upon the hydrostatic column 
of blood by pressing on the entire skin, 
ernnpressing the vciiv.s and capillaries 
and increasing venous pressure. This 
is done nn most current suits by a cap- 
stan tube which expands, tightening 
the fabric in a suit alreailv .skm-tigiit- 
•Acrn Medical laboraton scientists arc 
not convinced that this is the best w-av 
to design a pressure suit— but it is the 
most practical principle for flight. It is 
the principle of the prmeii T-1 suit, de- 
signed for use in the X-1 generation of 
research .aircraft, 

A better method would he to fill a 
suit with w-.iter. This requires no appa- 
ratus and would appiv a rclativclv con- 
stant pressure all over the body, but 
few pilots could accustom themselves 
to being soaked for the duration of a 
long flight. 

Task of a Tailor 

To imitate nature, Aero Medical Lib 
scientists studied the effects of altitude, 
effort, fatigue, and emotional stress on 
rcs|3iration. I'hcy found that in a 
stressful situation the volume of 
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SIERRA PRODUCTS INSURE PILOT SURVIVAL 


“Sierra Sam"? and hia famiJy of anthropomoiTJhic and 
anthropometric test dummies insure pilot survival by providing 
vital “human factors" data in supersonic and high altitude 
equipment tests. Closely simulating the human body, “Sierra Sam" 
has ample space in body cavities for instrumentation. 
Sierra's R. A. Hawks Division has long been a leader in the field of 
oxygen breathing equipment. Shown on the right is the new 
Sierra Model 210 Oxygen Mask. With one valve, compensated 
for pressure breathing, doing the work of three, it provides more 
pilot comfort, visability, and superior windblast protection. Valves 
and components are available for conversion of existing masks. Also 
shown is the new Sierra Model 195 4-Way Oxygen Manifold 
designed to protect again.st explosive decompre.ssion in high-speed 
high-altitude bail outs. The manifold bolts securely to the chute 
harness so that it cannot be ripped loose to flail by windblast. 
IVn’fe for engineering data and catalog fn/ormafiOTi on Sierra 
Ditmiiites, Sierra Oxygen Breathing Maeke and f-!an\folds. 

123 E. MontecMo, Sierra Madre, California 

Sierra Oxygen Breathing equipment is marketed by their R. A. Hawks 
Division . . . serving the aircraft industry and military for more than 25 years 



icspir.ition mav he greatly hicrcascd and 
the qiiiintih of oxygen burned increases 

Designing a prc.s.sure MUt is ii difficult 
job of tailoring. Suits must be skin 
tiglit and perfectly fitted to a great 
varict)- of Inimaii shapes «hich Tiasc 
.1 tcndcnc'' to change eontimumsly. 
a.ccording to tlic habits of the owner, 
llic lab once had to fit a suit to a 
bands-lcggcd amateur opera singer with 
a chest mcasureincnt of 56 inches. 

To learn the extent of the problem 
in tlic future, the lab is practicing 
antluopoiiictiT. the study of liiimaii 
dimensions. Periodic mcasurcnicnts of 
the generation of ^^'()rld War 11 crew 
members have been carried on down to 
the present to show tlic effect of age 
upon tire changing human shape, \ 
continuous study of succcssi'c genera- 
tions is measuring the development of 

'llic Aero Medical Lab is seeking a 
single protectisc suit made up of fiso 
sliclls which would provide a com- 
plctcls integrated safe cwiroiiiueiit. It 
must he pressurized and ait cmulitioiicd 
and must protect against liigit G-loads 
and immersion in cold water. 

llic design of seals is prosing diffi- 
cult. Rubber. the must obvious material, 
dcsclops limitations at the extreme al- 
titudes expected in the next fess- years. 
Research indicates that strong ultni- 
s iolct radiation and ozone, both present 
in quantity in the upper .itinosphcre. 
cause riibhcr tu deteriorate rapidly. 

Lising in a prcs.sutized stale causes 
some peculiar effects which the lab is 
now studsing. One is a distortion of 
sound tliat occurs svhai the medium at 
tlic source and the medium at the car 
have different densities. This is ex- 
pected to cause some difficulty in 


interpreting speech, audio signals, etc. 

If Hum’s next step to a higher alti- 
tude carries him into an orbit outside 
llic e-arth's atmosphere, rockets must 
proi idc tlic power. The lab is studying 
the effect of acceleraHons on the order 
of those aiitici|xited from iiuinncd 
rocket firings. 

It lias long been knossn tliat hcaiy 
transverse G-loads can be withstood for 
sonic time without undue discomfort 
or damage. The question in the minds 
of .Aero Medical Lab rcscirchcts is 
whether a linman pilot can petfonn a 
useful control function during the 
burning time of the rocket. 

Similar studies arc being carried out 
to determine the effect on pilot per- 
tornumcc of Inning to work under 
relatively loss G-loads positive over a 
considtTable period, as might be the case 
in a combat situation. 

'Hie beating that ii human body 
absorbs during escape from a plane at 
liigli speed and high altitude provides 
a fruitful source of aero medical prob- 
lems which become incrcasingh' press 
ing as progress brings faster, liighcr 
living airplanes. 

Between sjiccds of Macli .6 and 
Mach 1.5 a 15% increase in speed 
raises the drag-indnecd deeclcration of 
a man in an ejeetion seat by 50%. At 
Mach 1 tlic dcccletations arc outside 
the generally accepted liunum tolerance 
of 50 Gs. 

Sleds at Holloman 

Ihc 5,000 ft. rocket sled track and 
the 120 ft, catapult sled track at Hollo- 
inaii arc being used by the .Aero Medical 
I'ield Uib to stiuK the effects of wind 
blast, drag-induced dccdcratioii and 
tumbling in the moments immediately 
after ejection. The 5,000 ft. track has a 
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speed eapabihtv of 2.000 feet pet 
second, acceleration of 40 Gs and de- 
celeration of 150 Gs. The 120 ft. 
track is capahle of 200 fps,. 25 Gs ac- 
celeration and 200 Gs deceleration. 

Lt. Col. Stapj) has made tuns on the 
rocket .sled which subjected him to 
deceleration forces similar to what lie 
would experience if he ejected at Mach 
1,7 at 55,000 ft. 

Kxperieiicc witli ejection scats has 
sold tlic lab on the laluc of tlic eject- 
able capsule. It is now the polici' of 
the lab, WADC and USAK to require 
an escape capsule in all designs capable 
of attaining 600 knots indicated air 
speed or 50,000 ft altitude. 

Spinning, Tumbling, Jostling 

.After an escape at higli altitude, n 
long free fall with tlic parachute uii- 
i.pcned is nccessari- to return the pilot 
as quickly as possible to an environ- 
ment in which he can suivisc. Human 
|xiraehutists from Aero Medical Lab 
have jumped from altitudes greater 
tlian 40,000 ft. and iiistnnncntcd dum- 
mies have been dropped from as high as 
kO.OOO ft. 

Capt. Henry P. Ncilsen, the lab's 
altitude record holder, is scheduled to 
make three jumps from new high alti- 
tudes sometime this fall. 

The first jump will be from about 
60,000 ft., the second from about 75,000 
ft., and the third from 90,000 ft. or 
liiglier. Eacli jump will be made from a 
free liallooii. The last will be from as 
high as the balloon will go— which could 
be more than 100.000 ft. 

Scietal agencies and coiitmctors arc 
building gondolas which may he used 
on the big balloons. WADC is liuild- 
iiig one which abandons tlic liigli 
strength-weight ratio spherical sliapc in 
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ENGINEERS; 

Acrody't<"»'if5 S’ Propiilsuni 

If you can 
do original 
work 


Joi 


you should consider The 
s Hopkins University 

re vecogtiizcd end supported. 
The Laborstory is primar- 


ily c. 
and c 


of f 


APL is responsible for 
technical direction of the 
Navy’s Bumblebee guided mls- 

AP^ include the first .super- 
TERRIER, 'fALOS and TAR. 
TAR. 

A distinguishing feature of 
the Laboratory is the self- 
dependence of the profes- 
sional ^ staff mentbers.^^ who 

atuck*,f*by'teanls,*’'e21h^ 

which ^maintains a fine bal- 

engineering. The team ap- 
proach allows each member 


housing in all Jil ice ' 

cilities. Moving expens 
in full. Liberal educ 
benefits for study at : 
ber of excellent univ. 
nearby. 


RESEARCH: interference and heat 


Tlie Johns Hopkins Universi^ 
Applied Physics Leiboratory 


of tiic liuman 
capable of aj)- 
tninial subject 
high linear 

. the combined 


boor of ime sliapcd like a squat boml) 
case. It is expected tn priitidc greater 
ef.ibiUt' during its descent after the 
ininp. 

l’a>t evperitnec has taught the l.ib 
that aeriiebnamit pressure differentials 
HI the’ both in ,i Irmg free fall eansc it 
to spm-nsu.ills stretebed out liorizon- 
tallv ,ind spinning around a rertieal 
axis .it s|)ccds that mat be as high as 
Illtl rpin. at high altitude, slowing down 
at lower altitudes. 

.\ s-ft. clianietei stabilizing drogue 
chute has been found to kcc|) the bods 
scrtical and inhibit the spin, but tlic 
jumper sometimes must keep himself 
friini |3irouctting rapidly on bis longi- 

Tlic spin can be simulated at 
W ADC on a turntable capable of 
uliirling subjcct.s at speeds as high as 
200 rpin. iluman volunteers have never 
spun taster than 125 ‘ 

table mounted in one ea 
cciitrifiiBe at W.\DC is 
phing tlie spin at an 
sinuiltanconsly with i 
G-load applied b\- the c< 

Ibis test simulates 
s])inning and rapid deceleration that 
takes place for a fesv .seconds after 
ejection . 

Hie linear G is applied first tmvard 
the head, then toivard the feet as the 
boch' tumble's r.ipidb. The combined 
forets produce a “jostling" of the inter- 
nal organs which can produee damage. 

.U llolionian the weightless condi- 
tion is being produced for periods up 
til '0 seconds In fliing an l'-9-f along 
a Isallistic trajcctors- Ibc .\it force is 
|)lainniig fur flight in spaec and is greatly 
interrested in tfie pinsiological and psy- 
chol(i|ie.il results of the zero-G condi- 


The Human Equation 

In the field of psschology, the Aero 
Medical Lab is trying to find a tr.insfcr 
funetion to represent man’s part in the 
•er\o equation. The hisk of ptotiaying 
bmnan performance by a single mathe- 
matical expression has so fat baffled the 
lab's scientists because of the infinite 
sarietv of responses possible. 

Lab psrcholiigists also ate studying 
the adsantages of quickening the com- 
bination of SCI ctal inputs in a single in- 
strument presentation to show the 
pilot the trend and the consequences of 
his control mmements. Such insttu- 
ments would greatb reduce the skill 
Ics el required for precision flying. 

W ork in bio-acoustics is being done 
«itli the hope of reducing the discom- 
fort and phisiological damage caused 
b\ the intense noise generated by jet 
engines and aircraft, rocket motors, etc. 

Heating loss, sertigo. nausea, and 
bleeding at the cars have resulted from 
prolonged exposure to these sounds. 


The kib is making mathcinaHcal and 
physical analy.scs of their vibrators- 
sliar.ietcristies and testing protextise 
desiees at the source and .it the 

llmnan vision is incrc.isingly inadc- 
e|iiiite for the demands islaccd upon it 
in flight. ,\t supersonic speeds, flight 
bv visiuil reference to (ibjccts outside 
the aircraft requires better pcreejition 
than the average person has. Night 
flving.iiid the extreme altitudesof spacc 
raise the problem of finding an external 
reference on which the eye can focus. 

Tlie Aero Medical laib is trying to 
produce practical bclmct-inountcd bin- 
oculars. The demand for the.se arose 
when USAI' discovered that over 60% 
of the pilots in the Korean war carried 
hand-held binoculars. The lab is also 
interested in the development of image- 
stabilized binoculars to eliminate eye- 
strain caused bv jiggling of the glasses. 
\ test model has the reflectors mounted 
on gimbals and stabilized by small 
magnets. 

.-\ periscope development project is 
under wav which USAK hopes will 
eliminate tire need for the big drag- 
producing. difficult • to - cool cockpit 
bubble neccssarv- for visibility on 
|5rcscnt aircraft. 

periscope also could provide for- 
vv-ard v isibilitv for planes taking off and 
landing in a nosc-higb attitude, which 
reduces direct tumvav visibility. 

'Empty Field Myopia' 

In studs ing the performance of the 
eve under operational eonditions, Aero 
\lcdieal Lab has encountered the prob- 
lem of ■einptv- field myopia," a fonn 
of neat sigbtedness that attacks even 
the normal eve when it has no reference 
point on vvliicb to focus. Tliis occurs 
m night operations and is e.xpcctcd to 

The lab is using an infra-red "rcti- 
naseopc’’ to me-asiirc the refraction of 
infra-red reflected tliroiigh the lens of 
the eye of a .subject in a darkened room. 
■I'iic results ate expected to show what 
happens to the structure of the eye with 
cniptv field mvopia. 

Cockpit visibilitv of aircraft is being 
measured, using the circuit camera de- 
veloped bv the Civil Aeronautics Ad- 
ministration. 'nic camera has two 
lenses to simulate the pilot’s eyes. It is 
placed at head level in the cockpit and 
rotated ?60 degrees. The film auto- 
maticaliv- moves under a slot aperture, 
making a panoramic view sbovving five 
degree grid lines and single-eye klind 
spots in a metric rather than a graphic 
form . 

One .Aero Medical Lab study is 
checking the effect of high G-loads 
upon vi.sion. Aside from the black-out 
caused by the increased apparentweight 
of the blood and the hypoxia of the 
brain and retina which result from in- 
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abilitv of arterial pressure to compen- 
sate, results indicate tlicrc is a dcctcase 
in visual neuitv due to mecliiinical 
effects upon the eve itself. 

1 he G-Uiad on the crvstalhne lens of 
tlic eve c-.ulsc^ the sup|)i 'ting tissues to 
■vig and tlic lens to mint out of focus. 
I’laemg the pilot ptiiiie or supine does 
not eliminate llie effect. 

New Clothes and Food 

I he .Aero Medical Lah is responsible 
for.tbc development of much of US.AI- ’s 
uniform and protective clothing— from 
a proposed uniform for the Air Lorce 
•Academv to .ABC (Atomic, Bacterio- 
logical. and Chemical warfare) protec- 
tive gannents. 

As pvirt of .ARDC's Aircraft Nuclear 
Propelled Program (ANPP), the lab is 
stiidving the possibility of designing a 
suit to protect crew members from the 
radiation of the pile. 

.Aero Medical laiboratotv is respon- 
sible for the development of foods and 
feeding systems to meet the special 
needs of the .Air Force. 

In Korea bad pre-flight feeding re- 
sulted in a loss of air crew efficienty 
due to alsdomin.il cramps causes! by tlic 
cxiwnsion of gases in the intestines. 
It lias long been known that the volume 
of internal gas doubles at a pressure alti- 
tude of 16.500 ft. and increases seven- 
fold at i9,000 ft. The lab is developing 
foods and feeding schedules which will 
avoid this. 

While long-range undcrnourislimciit 
iv not a problem among .Air Force fliglit 
ercvv.v, lab studies indicate that feeding 
iicglcet which is tolerable for ciglit 
hours may become critical in 24 hours 
and destroy tlic weapon system in 48 

With the advent of nuclear power- 
jilants. the effect of radiation upon 
rood becomes importaiil. 

.Air P'otcc also hopes to take advaii- 
tige of the beneficial effects of food 
upon the boredom that will be exptn- 
Liiccd m flights of the long duration 
possible for nuclear aircraft. 

Research has shown that prolonged 
flight changes the respective palatabilitv- 
of foods. Noise, vibration, and de- 
creased oxygen hinder the digestive pro- 
cess. .At the end of a long flight ap- 
petites decrease and food is apt to be 
ic-garded more criticallv. 

Com|Mrativc studies sliovv tliat pota- 
toes, vcgchiblcs and salads become 
about 2ff% less desirable in the air. 
Soups and meats hold up fairiv well and 
desserts and baked goods remain popn- 

Aeto Medical Lab is searching for a 
single, mm-pcrishable survival ration 
that will be adequate for all climates 
and survival situ.itions. The range of 
modem aircraft being what it is. a 
single flight may traverse many types of 
eliiuatc and terrain. ■ 





MAJOR AIRLINES 

Me 



CMI^ETECTORS 

Major airlines use Lisle 
Magnetic Chip Detectors 
to disclose internal defects 
before major damage oc- 
curs. Above illustration 
shows how the Lisle Mag- 
Chip Detector installed in the oil 
sump is checked with a Continuity Tester 
to determine whether or not any ferrous 
metal particles have been collected on the 
magnetic poles. This is a positive test 
which may be made quickly without re- 
moving either the cowling or the sump 
plug. Gives advance warning of danger- 
ous internal breakdowns, 
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THE HUMAN COMPONENT 

A balanced human factors engineering consulting and research team 
providing practical solutions to the aviation industry- 
in MAN-SPACE-EQUIPMENT compatibility 
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Geophysics Develops USAF's 'Mop' for Space Flight 
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DAN ROCKET (DEACON AND NIKE) USED IN GRD-UNIVERSITY OF MICHIGAN STUDIES AT WALLOP'S ISLAND, VA. 


Geophysicists Survey Realm of Flight 


tlansconi Field, Mass.— Victorv in war often lias gone to the side with 
the best maps. It is the purpose of the Geophysics Research Directorate of 
Cambridge Research Center to provide the Air Force witli a "map" of 
its potential theater of o]>eratioiis-a vast foiir-diinen.sional region extending 
outward from the surface of tlie earth througli the changing fluid atmosphere 
to unknown limits iu the space beiond. 

USAF's "niap" must he a body of knowledge about the manv physical 
processes and dimensional relationships which influence the operation of 
aircraft and missiles. 


Because of its mission, the Direc- 
torate's defliiilion of geophysics is broad. 
CRD studies dehe iiitii sola: physics. 
siMce phisic's. ionospheric physics, at- 
ni()5|)heric physics, meteorology, micro 
meteorologi'. geodesy, geoiiiagiietisiii. 
and other terrestrial sciences. Some of 
these sciences also ate beiiis extended to 
include actual control of geophysical 
]5ioeesses. 

The Directorate's mission is closer to 
pure rese.itch than the missions of most 
.\RDC units. There is little dcselop- 
mciit of end-items of e(|ui|nneiit except 
for balloons and ground-based mctcor- 
ogiea) in.striimenls designed for US.\F 
by the Atmospheric Dci ices Lnboraton . 
I'liKl-iteiiij of technique are more com- 
inoii but the product is primarily kiimvl- 

Serving Three Air Forces 

The members of GRD are conscious 
that they serve three Air Forces — the 


.sir I'orcc in-bemg. the -\ir force of 
the near future, and the Air Force of 
the distant future. 

The n.^uiteiiieiifs of the three .\ir 
Fotees differ in the degree of precision 
and the operational readiness required 
of Geophysics Research Directorate's 
problem soliitinns. 

For the Air Force in-being, present 
knon'ltdgc must be j))plied to present 
problems. 'Ihc problem input iisiialK 
is supplied by USAF's operational coin- 
iii.mds such as Strategic, Tactical and 
,\ir Defense Command. Tlic solution 
output often is of the "qiiick-and-dirty 
fi.x" ty|K and is dcpliircxl by resc-arcfi 
people as evidence of poor planning 
111 the iiast. Relatiiely often the .solu- 
tion wifi appe.ir in the form of an end- 
item of hardware or tecliiiiqiie for use 
hi' the ,\ir Force. 

GRD hopes to reduce the need for 
this type of soinfioii by soKing the 
problems of the Air Force of the near 


future Ijcforc they arise. The fast de- 
velopment pace in ai’iation imposes 
strict time limitations on this work 
and solutions must be nearly as specific 
and complete as those for the .\it Force 
in-bcing. Froblcin input usually is .siqj- 
plicd by the aircraft and missile build- 
ers. Solution output is in the form 
of design criteria for aircraft on the 
drawing boards and oijctational tech- 
niques for their use. 

No speeifie cnd-itcm.s are .sought for 
the Air Force of the distant future. If 
is scn'cd bi- advanced rcsearcli studies 
to determine the jiliysical laws which 
will provide design criteria for wtM|ion 
svstems that will be in sendee in 20 
or iO years. 

Talent & Organization 

Rich in talent, the -fsO people who 
form tlie Directorate include wliat may 
be the most potent concentration of 
seientifit talent in the briiad field of 
gcophisics. 'lire principles of organi- 
zation stress the importance of having 
expert scientists not onlv in the lab- 
oratory blit ill key adniini.stratisc posts. 

The aim is to eliminate a comimmi- 
cation Ixirricr and avoid the ciirponite 
split personality that often results when 
separate administrative and scientific 
classes has c to lisc together- The sulue 
of the arrangement is believed to more 
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AEROBEE-HI EMITTED NITRIC OXIDE CIOUD WHICH GLOWED ON RELEASE OF STORED SOLAR ENERGY 


than offset the loss of seicntific talent 
from the laboratoiy. 

GRD and the Contractor 

y\bout 20/r of tlie tioilai sakie of 
GRIVs work is done at Cambridge. 
'I’he icniaining SO'V is done bv eon- 
tractors, iiitluding non-profit research 
fmmdation.s, nnirersities. and private 
indn.strv'. Ihere iisii.illv are Ir or more 
foreign contractors doing iindassificd 
research- 'lliis avoid.s an additional 
drain on overssorked scientific nun- 
power in this conntrv, gets the norfc 
done at less cast, and in some cases 
draws on e.vperiencc not asailable in 
this conntrv. 

Working scientists in the nirceloratc 
base the collateral dots- of monitoring 
the work of contractors in their own 
sirccialized fields. 

Tile field of geophysic.s is so broad 
and the nnmher of organizations en- 
gaged in geophysical research is so small 
that there is relatively little competi- 
tion for eoiitracts. Because of this most 
contr.icts .ire let on a "sole snaree” 
basis rjtlicr than In competitive bid- 
ding. 

haced with the same sliortagc of sci- 
entific. engineering, and technical man- 
power tliat plagues the rest of avia- 
tion. CRO is using a pool of parfiallv 
trained gr.idnatc students to help fill 
the gap. thus taking advantage of the 
proximity of good schools in the Bos- 
ton area. Some students doing uiielas- 
.sified work have been able to use tlicir 
|)rojcct reports as tlicscs for gruhiate 

Hie basic need of all science is 
measurement. One of GRD's concerns 


is to pros’idc an inventory of research 
cciuipmcnt tor making these mca.sute- 

The Directorate has deseloped bal- 
loons capable of probing the atmosphere 
ap to .iltitudes of about lOlMlOU ft. It is 
.1 paradox of niodcni science that bal- 
loons. the earliest means of siiceejsfii! 
flight and long eoiisiviered olrsoletc. 
should miss prove superior to manv 
veliielcs of later concept as research 
devices. 

.\ltlioiigh rockets can reach higlict al- 
titudes than balloons, they can take 
ineasvircineiits only for a few sctoiids 
before plunging back to the earth. 1 licy 
are. of course, also immensely more 
expensive. 

One type of balloon is the non-ex- 
tensilile pohethslcnc eonst.mt level bal- 
loon sucli as the "Mobs Dick." This 
type of balloon rises or sinks nitit the 
altitude of a given s.ilue of haromefric 
pressure, making it possible to chart the 
contour of pre-ssua' Icscls. 
Simultaneous Launchings 

I be trajcctorv of a balloon may be 
ti.iccd to show movement of the |Jiirtel 
of air in whicli tlie balloon is imlicdded. 

Drift rate differentials of several bal- 
loons released simultaneously indicate 
horizontal wind shear and changing dis- 
t.inces between balloon tracks indicate 
eiaivetging or diveiging ait flow. Tlic.se 
ineaMirements. ton, may lie correlated 
with |Jressiue level contour and weather. 

Some of the lullooin have been 
tracked around the wiirld Isy radio di- 
tectinn finder. 'Die iiifomiatiou gained 
is useful in perfecting theories of tlic 
general circulation of the atmosphere, 


which arc important in the develop- 
ment of long-range forecasting tech- 
niipies. One ballon launched last I'cb- 
riiary at \'enialis, Culif., trasclcd three- 
(|uarters of the way around the earth in 
I4 days, driven bv the temperate zone 
westerlies. 

Currently under development is an 
air-launclie<l balluon fii be released in 
the center of circular storms such as 
hurricanes to serve as radar reflecting 
heaeoiis for tracing storm inovemeiit. 

'[’lie balloons ate expected to travel 
with the eye of the storm. Devcloi> 
nicnt of tills balloon poses a ccinsidcr- 
able. engineering problem because of 
the stresses involved in lamiehing from 
a fast-mov ing airplane. 

Another balloon is being develoix'd 
as a missile ta^ct. 

Rockets for Research 

I be Directorate is responsible for the 
rockets used in gcnpliysie.il researcli. 
Tlioiigli it is not called on tn design 
rnckefs, it must instrument tlicni. op- 
erate them and oeeasionally modify 

'Die Directorate now has a consider- 
able inventory of rockets: 

• Aerobec-Hi. a joint .Air Forcc-N'avy 
development of the retiring .Aerobce. 
currently is the best rocket the .Air 
Force h.is for extreme altitude studies. It 
c.in carrv a 1 s(l-lb. pivload tii an altitude 
of I4fl miles or more. This is more 
tlian twice the altitude attainable with 
tlie old .Acrobce canving the wmc pay- 
load. 

• For soniewhat lower allihides. two- 
stage versions of smaller rockets such 
as the 500-lh. Deacon liave been used. 


370 


AVIATION WEEK, 


si 6 . 1956 


• One of these is DAN (Dcaeon-.And- 
Nike), a Deacon locket lifted SO.OOO or 
100.000 ft. by a Nike booster before 
firing. Tlie Cajon is a new two-slage 
rocket svstem capable of lifting its pay- 
lo.id to altitudes of sO-60 miles. 

• A new air-laoiiclicd rocket known as 
Rockaire soon vvil! be in use. It is de- 
signed to be fired from a figlifet in a 
vertical pnll-iip at an altitude above llic 
densest part of the atmosphere. Burn- 
out is at about sO.OOO ft. and maxi- 
mum altitude is about 2s0,000 ft. It 
is fin-.stabi!izcd and uses solid |)ropcllaiit 
vvitli a hnrniiig time of 5 seconds. In- 
fonnation will be telemetered from the 
40-lb. instroment pavload to a second 
aircraft lic-aring telemetering receivers 
nearby, Paracliute recovery of flic in- 
strument section may be iirovidcd for 
the first few firings. Rockaire is de- 
signed and fabricated bv Douglas Air- 
iraft Co. and will be assembled by GRD 
crews at the launching sites. CRD 
also may modify the rocket for specific 
tjsk.s. 

Nearly all of GRD’s rocket laimcb- 
ings arc from bases in New Mexico. .\s 
a result tlie upper atmosphere over New 
Mexico is well studied hut tlie degree 
to vvliieli the results can be extr.i|)olated 
to other regions is uncertain. Tliis will 
he tcetified to some extent during the 
Inteniatioiial Geophysical A'ear (June 
19v7-Dcceinbcr lOsS) by the joint op- 
eration of a lamiehing station at IT. 
Chureliill on Hudson Bay by Canada 
and the United States. 

It is reasonable to assimic th.it some- 
one will continue to operate the site 
after tlie Gcopliysical A'ear ends. The 
I’t. CInirehill loc-.ition will iierinit tlis- 
ctimination of effects with latitude. 
Rockaire firings at various other loca- 
tions arc expected to supplement fir- 
ings from the fixed sites. Data thus 
gained will have brcxid ap|)lic:ihility. 
Automatic Meteorology 

GRD rccentlv has completed work on 
the ".ARDC Model Atinosplierc. 1956.” 
which extends from 500 to 500 kilo- 
meters. This and a racntly revised 
standard atmosphere e.xtendiug to 500 
kilometers probably will become design 
icquiremcnts for aircraft and missile de- 
signers vvitli Ait I'orcc contracts. 

I’ll!’ new .standard and model atinos- 
pliere.s extend the IC.AO standard to 
altitudes accessible onlv to rockets. 'Ilic 
ICAO standard was based ii|jon balloon 
soniidings. 'Hit new mode! atmosphere 
proliablv will be revised periodically on 
file basis of additional data. 

I'.fforts are being made to increase 
the efficiency of weather observing 
and data transmission and to reninvc 
tilt subjective element froni analysis 
and force.isting. 'I’liree approaches 
am automation of data collection and 
transmission, objective map analysis, 



AEROBEE-HI rocket used by geophysicists for upper atiiiosjitictc research 
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Margin for Error . . . None! 


'I i>ii ^uill» into ymir riiiiil a|>|ironrli, Vl prn'M'Ir lUi' right iiKluiU llic- l.nniliiis; 
■'iSiial OfficiT Hags you to nit your imwn — nmi you'ri' alMiard! * Sm ii *1.111 uiul 
|ir«'ision is iiidicatii c of that wliirli is ri'i|iiiml today iui’ioi^pliusc' of iho ainrafl 
iiiditstry. Tba bcaritius in iiUKltTU jrt liirbiiirs. for iiistaiiro. luiist hi* bidd to 
accurate (oltiraiin^ mrasiin-sl in inillioiillis of an inrb. 'i'hat's why th<- U-udiiig 
jet liirbina mamifut’turera spn'ifv Bower uirrruft heariugs first. Their rxeeptional 
higli quality and iiiierriiig precision allow lloirer hearings to stand nnheliei able 
tnrhlRC speeds and teiupcratnres — that iiiuleb the sn|irrsoiiii' speeds of toilay's 
jet aircraft — in'//; a tsiiniimwi nf lithrimlioii. ☆ 'A batcver yo/i produce, if it uses 
hearings, epeeifv Rower! Chixise from a complete line of tapered, straight and 
journal roller hearings for every field of traiis]Kirtatioii and iiiilnsiry, 

IOWE8 DOUER BEARING DIVISION 
SEOERAl-MOCUL-BOWER BEARINGS, INC. • DETROIT IS. MICHIGAN 
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and niiiiicriciil weather pttdictioii. live 
three ajiproaclics may suincday l>c iini- 
fiod into .1 single automatic system. 

OhsErsations from rnnway.locatcd in- 
stniniciits ate ahead) being tclcinetcred 
antinnatitiilb t'l the meteorological 
I'ffiees at .some air b.iscs. 'I'he ne.-tt step 
is to transmit the dat.i to central ciillect- 
iip" points autoniaticidly and antoniati- 
cally disseminate it to forecasting sta- 

.\ntom.itii. niiip analssis is tlic elcC' 
tniiiic plotting of isiiliiies for use in the 
prep.ir.ition of forecasts. It is aheadv 
liciiig done in a crude wav h; a joint 
.-\ir I'oree-Nase-Wt.ither Bureau team 
using IBM 70l and TOd computers. 'I'he 
apprciach is based on the results of ,i 
CRO-I’riiieeton studs'. 

N'limerical weather prediction is the 
aiitomntie preparation of prognostic 
iliarts bs- electronic cunipnters. To date 
experiments base been limited to rela- 
lisels simple isolinc forecasts for Ibe 
ujsper atinospbcrc. Thongh miinerical 
we.ifber prediction ssonld be the last 
step in a coniplctclv autom.itic ))roec- 
dure, its technique is nearest to opera- 
tional Use. -\t first precipitation and 
local effects will base to be cnfercxl by 
a luim.in forecaster. In five or ten seats 
the exjscTts belies e it ssill Ise possible 
lo forecast aiiloniaticalK the precipita- 
tion associated ssith ans storm 700 
miles or more in diameter. 

Aircraft Landing Aids 

liistruinent sseather lossers the miin- 
her of planes that can land at an air- 
])ort in a gisen time because of the te- 
clneed distance at ssliieh the pilot can 
.see and reeogni/c the ground. Tor 
safets's sake the traffic eonttoller must 
ix|ximl the interval bctsscen landings, 
causing traffic to stack up. 

Currently, the distance at sshicli the 
pilot can see and rccogni/e the ninssav 
tliresliold is presented bs the indirect 
criteria of ceiling at the station and 
hocizimral sisibilits on the ground. 

A project iioss under svas' aims at 
making these minima more iictiirato 
and more definite’ so the intenal can 
be closed up or aiccraft dis erted to alter- 
nate .iir|iorts svitlumt svasling fuel in 
missed approaebes. I'lie mils rcsilistic 
measure of s'isibilits is the .siiint range 
at which the pilot can see the tnnssav. 
The slant range can be given in tenns 
of tire altitude at ssiiich the pilot can 
look torsvard along the glide path and 
see the rnnss.is threshold or the tlires- 
liold lights, This altitude is called the 
I liiesliold Contact Height. 

Sperry's Measuring System 

S|x.trs- Gsroscopc Co. daclopccl a 
sssteui for dc'tctmiiiing this height un- 
der a CRD contract in 1074. Uis being 
tested at Nesvark .\irport by a U. S. 
Weatlier Bureau team assisted bv Speiiv 
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to get clear, accurate mechanical Thinking 


in functions viHually unlimited in scope 

The key etomente of the Kollsinen Air Datx 



The outputs of such computers, haviu£ ) True Angle of Attach Equivalent Airspeed Relative Air Density 

accuracies better than .9% ef range t Absolute Pressure True Airspeed True Altllucte Variation 

are specified functions of the (ollDivIng: ^ Indicated Airspeed Mach Number True Temperature 


KOLLSMAN Air Data Computers 

. . . noto available in systems snch as the following: 



WniTU for illustraced literature with complete technical data. 
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ANTENNA for ineasmiiig sun’s indialion at Sacramento Peak Obscrvators. Sims|iot. N. M. 


and su|)crvisud by CRD. T hree sets of 
iiicasiircnicnto are combined in equa- 
tions niiicli compote the TTircsIiold 
Contact Height- This can be given to 
tlie pilot as a inininium. 

In the Newark tests, inanning pilots 
arc requested to report "nui'vay” or 
Tights” the moment they see one or 
the other. When the re|iorf is licard 
an operator trips the shutter of a 
camct.i wliicTi pliotograplis a radar 
scope showing the actual 'nircsliold 
Cemtaet Ileigiit for conqxuison with 
flic predictccT one. TTie three liiisic 
ineaMireincnts in the equation are: 

• The |)liotometfie )>ropcrtie’s of the 
ttinnav llircshold— light emission or re- 
flectance. background hriglilnoss, etc. 

• llori/mital visibility. 

• Cloud liuiglit, at whicli altitude visi- 
hilitv should increase suddenly. 

Project Great Plains 

In Project Prairie Grass the Direc- 
torate is canring out a studv of small 
scale lurbuleuce and the diffusion of 
gases and aerosol particles at low alti- 
tudes. TTie project is an extension of 
an earlier one called Great Plain.s. 

In one phase of Great Plains, sound- 
ing balloons with an equal rate of 
ascent were released from evciilv spaced 
positions arranged in a line parallel to 
the direction of the surface wind, Kacli 
bnllonn was rciciiscd as the balloon 
from the next station upwind passed 
overhead. 

in a imiforin air mass with the wind 
moving at the same S|)cc-d and in the 
same direction at all Icscls, all balloons 
would pass over the last station csc-nly 
s]rac'ccl in a vertical line. The extent and 
direction of departure of the balloons 
fiimi this relationship was photograplicd 
to show diffusion and wind shear. 

This studs uncovered a phenomenon 
which US.^i' feels may explain certain 
crashes that took |3hicc when aircraft 
were making ap]5arcntlv normal night 


landing approaches to airports ni the 
central plaimt. 

"Noctumal wind maxima’' were 
found which were first bcliesed to be a 
tspc of Uisv lescl jet stream. 1‘iirtlior 
study pros ed that the winds extend oscr 
a broad area hori/oiitally in the Plains 


May Explain Crashes 

The sviiicl niiixinia were found to oc- 
cur lictwceii 2 a. 111 . and -t ii.m. Top 
speeds were about (i0-65 inpli. and oc- 
curred lictssecn 1.000 unci 1.100 ft- 
altituclc with surface ssinds between 
10 and 20 mpli. ITie vertical gradient 
incnigcd abiiiit 40 inpli. per 1.000 ft. 
The winds seemed to have no fixed 
directional characteristic and at dasvn 
thev divippt-at. 

T'iic steep sertieal gradient could 
e.iiise the groiiml speed and angle of 
descent of the airetiift to change ra])idls 
set imperceptiblv bccanse nf the dark, 
making pilnts riserslioot or imdershoot 
their approaches. 

In iViiric Grass diffusion of gases 
and aerosol particles is being studied bs' 
releasing sulphur dioxide from a point 
source and mc.isuring the amoimt enl- 
Iccted from the air by a number of 
“bubblers” containing slightly acidified 
liulrogeii peroxide to trap sulphur di- 

Thc bubblers will be arranged in four 
concentric semi-rings at 100, 200. 400 
and son meters from the source. Rc- 
.siilts of the study arc expected to find 
iqjplicatinn in atomic biological and 
chemical warfare, radioactisc waste 
problems near micTear |Miw crplants. and 
air pollution control in smog arcas. 
Modifyins the Weather 

In ses cr.il fields GRD is endeaxoring 
not onlv to understand the Air I'orcc's 
cm-iromnent but to control it. 

\\'catlicr modification studies bv 
GRD liavc produced techniques whicli 
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Xiteflex 

flexible hose 



HEAVY ciirnnl %ai>oii>TS tO]>|KT wiic. 


art ncit quite n|)crationa] in a series of 
ei§lit cspcriincnts. I'lic Directorate has 
been successful sesen times in opening 
holes ill siqjci-eooled stratus clouds. The 
holes were lUO-200 sq- ini. in area and 
|uI^istlcl for as long as one-half hour. 
Series of Studies 

I he inoclifie.itiun ssod has been 
Iwsed oil a long series of studies of 
uatcr drop and icccristal fonnatioii. It 
ha.s been lairK "cl! established that 
drops foTin on' nuclei of ite or hygro- 
scopic particles of sea salt, amnumiiun 
sulfate, silver iodide and other iJitnii- 
cals- Ice eristals art the most importaiil 
nuclei for initiating precipitation abuse 
40 degrees latitude. 

Until two nr three years ago tlicic 
was little definite information available 
on ice crystal nuclei but it has been 
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CASES ncpaiid after wire bums. 


suggested that meteoric dust may 
serve as nuclei. Despite the lack of 
knowledge, the fonnation of ice crys- 
tals has been prevented in some eases. 
Ihe forinatimi of elmid droplets has 
proved a more difficult problem. Ihe 
iiircctoratc has found it possible to 
eiibanec or iiiliibit iiuelciis activity by 
"ijoisonmg” the nuclei with niinutc 
traces of inctbvl amine or ctbv! amine 


Suppressing Contrails 

Contrails arc being studied to learn 
a wav of suppressing them, making 
lisua! detection by tlic enemy more 
difficiilt- 

Coiitrails are water fonned bv the 
loinbiiuitioii of Indrogen from hvdro- 
eurbon fuels with oxygeai in the coin- 
bustinn process. 

It has been found that burning one 
pound of fuel adds oiic'-and-a-qiiartcr 
pounds of water to the atmosphere. 
Ilic first remedy probably will be fuel 
additives blit sonic study is being made 
of the possibility of using exotic (non- 
liydrocarboii) fuel such as carbon di- 
'iilfide. None have been .successful vet 
because they produce less energy than 
a hulrocarbcm fuel. 

Weather-Sun Tie 

CRD luis made a first step tim-.ird 
controlling tlie release of energy received 
from the sun and stored photochenii- 
cally in the upper atmosphere. After 
laboratory studies of the effe'Ct of radia- 
tion on gases .it low prcs.siirc, clouds of 
nitric o.xidc were emitted. 
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Increasing demand for Cooper 
products has forced us to 
expand plant capacity by 75% 
Now -your LARGEST source 
of inventory stocks. 

Special fasteners 
produced to 
specification 


now 

call 


requirements in “standards 
Full range of sizes . . . 
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from rockets .it extreme altitude. 

Tlic nitric oxide augmented tlic nat- 
ural release ot energy .iiid appeared 
a.s a glossing, ioni/ed cloud. It is con- 
ceivable that the effect may be used to 
produce reflectors for scatter communi- 
cation or to ptoside local illimiination 
at night. 

The Dircctor.itc is searching for the 
tic betssecii the earth's weather and 
changes and irregularities in the energy 
output of the Mui, .\ttiiosphcric ob- 
servations will be cheeked against solar 
observations nude from the Sacramento 
Peak Observatorv near llollonun AKB, 
N. M. can scientists believe tbeir's 
will he the best solar observatorv in the 
free world after it has been completely 
instnmienteel Liter this year. 

Ozone Concentration 

One kev to the solution appearj to 
be the ozone concentrations in the 
upper atmosphere which seem to eor- 
rclatc both with soLir variability and 
w ith atmospheric prcs.surc density, tem- 
[xnitna'. and synoptic weather, GRO 
curreiitlv is trving to improve methods 
of measuring ozone concentrations. 

,\ new technique coming into use is 
called \'On.\lU> (N'ertieal Ozone Dis- 
tributions from the -\bsorption and 
RadiaHon of O/onel. GRD will es- 
tablish two widely separated nic.isurins 
.stations to permit dcscriniinatiou of 
\'OI1.\RO data according to geographic 
location. 

One station will he at I'lagstaff. .\riz., 
.and the other probablv will be in 
Europe. 

-\nother key might be in the .short 
term vari.ihilitv of the elcctro-magnctic 
field of the e.irth and its rcl.ih'onslii|) to 
solar variahih'tv and the cliaiigcs in cos- 
mic ray incidence vvhicli apparently are 
associated with sol.ir flares. Some short 
term variations arc in the audio nmge 
from l.sO cvcles per second. 
Measuring Earth's Field 

U.SAF also is interested in the lone- 
term or secular variations in the field. 
CRD is .iboiil to start a project meas- 
uring tlic dipole field of the earth 
by finding the lowest concentration of 
cosmic rays. This occurs at the geo- 
magnetic cspiator. which is the line of 
Ic.ist geomagnetic force and is caused 
by deflection of the cosmic rays tow.ird 
tlicgeomagnetic poles. 

The results will cnahle scientists to 
predict the strengtli and cluiraclcr of 
flic gcomagneKc field in time and space. 

It will require the aiulvsis of a mass 
of information large enough to c.incel 
statistical errors. 

Data must he included on dailv and 
tidal variations and those in masictie 
storms caused bv the influence of solar 
changes and cosmic ravs. 

Direct measurement of cosmic ray 



Marquordl's reseorch center is lost becoming one of this country's crea- 
tive engineering capitals. Unlimited opportunibes ot Van Nuys are 
attracting many Research and Developmenr engineers to Marquordt. 

Write for details: 

PROFESSIONAL PERSONNEL 
16555 Soticoy Street. Von Nuys, California 
THE WEST'S UXEEST JET EN6INE RESEASCH ADD DEVEIOPMENT CENTER 
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As part of its ntver-endinB war on wrlghl the Air Force 
haniloii I’crkiii-Flmcr this pridilom; Mini a way lo trim tlie 
fat oil Inilky aerial loloptioio |l•n!‘l•s — willioiil impairing their 
optical perfi’rmonco. 

Drawing on the exjtcfieiico of a 'laff that has designed and 
Iniilt some of the watrid's most complex ft|ilical and (daeiro* 
mechanical ct|nipnienl. (*-F> came nji tvitli a definitive report 
on lighlwcighl lens tcchnitjiies. Using these new tecimiquef, 
P-E took a large lens system weighing I'XI pounds, remami- 
factured it down to a coni 70 pnnmis — with no loss in optical 

Even more dramatic weight reductions arc in the offing. 
P-E has recently developed a method for mass. producing 
aspheric leitst-s. This new melhotl will make itossihle lens 
sy-lenis with greatly simplified uplieal eiemenl-. Here again, 
the answer wa» fonnd hy a I’-E stall whose expcrtciice went 
far heyond mere specialization, 


Other projects that testify li> Perkin-Elmer's ahilily to take 

a systems problem and “see it wlndc": 

• ROTI Mark 1 (liecording Optical Tracking Instrument) 
fur tracking the flight of guided mis-ilcs. 

• Airhoriie infrared detection sy-lcms for military use. 

• Tivc ^•4 bombing pcriscivpe for tht* B-17. 

■ Protolyiic optical and radar Itonibing and navigation system 
now designated .M.A-2 lor n.sc on the B-32. 

• Mo-t of flic large aerial photograjihic lenses in ii«e today 
hy the -Mr Force, 

• Reactor perisco|K-s for the Nautilus ami Scawtdf suhniarines. 
In [tianning ymir iirxl iirojc-cl. invite Perkin-Klmer to sit in. 

Our stair and nnitjue facilities can bring ynnr project to fulfill- 
ment suoner than ymi may nuw realize. 


orricj 



Perkin-Elmer 

CO>rO»*TION 

NOIIWAIK. CONNECTICUT 


MECHANICS • ElECTEONICS 


'erbin-Elmer. We have opeoingi lor phyti. 
i»lt, etectronrcengineeri ond mooy others, 

o ropidty grpwieg orgooiza- 
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mtensity will be iii.ide b_v ,i JI-iG whicli 
nil! carry -i iiciitroa pile nrotiiid the 
world, brjcketiitg I i tiegrecs to either 
vide of tlie geographic equator. 
Ionosphere Studies 

I he shape and structure of O and 
limer [■', layers iiiehitliiig ' Spiiradic K ' 
lelouds Ilf ionized gas 10-100 mi. dia.j 
Ilf the iiiiiospliero are heiiig .iiialj/.ed 
by butuiciiig r.idio frequencies as low 
•IS IS kilocycles against them ami meas- 
uring the return, A lioti/oiiljl dipole 
.mteiina about two miles lung i.s used fur 
the transmitter, I'lic reflected .signals 
indicate the eontouis. absorptivitv. 
structure of turbulence, anti luiri/iiiita! 
drift of the iomisplicric iavets. Niiimal 
drift has hear found to be approxi- 
m.iteh 50 meters per second. \ cliicities 
witbin tiirlmlence are considcr.iblv 

I'hc iomispliere in the .kretie i.s lieing 
measured by an uirbiirne ionospheric 
lecorder with a transmitter which 
sweeps frequencies friini one to 25 nicg- 

I’lie'imibility of the airborne unit per- 
iiiits it tn slutly areas not available lo 
grotnid Ixises. 

llic coupling hetween alinospheric 
clcctricitj and the mechanics of w eathet 
,ilso is being studied hy the Directorate. 
The results will be important to future 
work in long-range foreeasting and 
weather inotlifieation. 

Electric Force Fields 

One of the first essentials is an im- 
derst.nuliiig of the elcetrical fields in- 

'Ihis is growing out of CRD studies 
of the ioniispliere. tlie current laliont 
100,000 amps) whieli flows fliere, and 
the electric'al fields Isctwecii flic iimo- 
-pliere and the gtinind. 

'I'lic density, volume, and iiiiibility 
ispted ill tlie presence of an electrical 
field) of ion eimeentratimis in the lower 
.itniiisphere have been meiisured e.ypcri- 
mentally and will be correlated with 
inetcoroiogiea! factors. Ihc magnitude 
■ind direction of current flow between 
the innosplicre and the ground also arc 
heing ine-.isured. 

Some experts theorize that Ihundcr- 
stonns generate the cunent flow be- 
twe-en the ionosiiliere and the ground. 
GRD is tracking lliinulerstornis with 
ground-based antr airhcimc instruments 
measuring current, decfrical potential, 
and ion enneentration.s. It is also studv- 
ing other type.s of storms, minor shower 
clmids, and non-tiuiiulcrstorm clccttic- 

It has been found that the top of 
the horizontal mixing zone, called 
the “exchange layer.'’ ean be identified 
b\ relatively heavy ion concentrations 
as well as bv meteorological cbaractcr- 

Thc Directorate has a "Sferies” obser- 


vation net vvliicli is capable of detect- 
ing clcetro-iiiagnctic radiation in the 
r.idio frequenev and audio frequency 
ranges from thniiderstorins as much as 
2.000 miles away. 

Fix on Lightning Strike 
A Sferic-s detector draws a signal 
from three directional antenna arrays 
widely -scpanited to ptmide a good fix 
on a lightning strike. 

new tecliniqne is to present tlie iii- 
fonnation graphically on a PPI se'ope 
showing the three lines of licaring cross- 
ing at the point of discharge. The gain 
e.m Ik turned down to eliminate the 
lines and show onlv the point of inter- 


section. R.idar presentation can be 
made sinniltancously on the .same scope 
for teferenee to terrain ami aircr.ift. 
Other Prejects 
Other GRD studies include: 

• Kxploding wire experunents. Wire 
is insbiitlj vaporized by tlio intense 
heat gencTJtcd by putting up to 150,- 
UOO am|» thriuigli it. Power is siqiplied 
In a 100 inicrofatad capacitor eliiirged 
to 10.000 volts. The results will have 
value in iitlicr areas than geophysics. 
Ihc teniperatures attained in the ex- 
ploding wire cx]Kriment have not been 
amumne-ed lint GRD experts believe 
that any substantial increase in the 




UNITED 
ELECTRDDYNAMICS 
Announces 
the first 
TRANSISTORIZED 
TELEMETER UNIT 
in an 
operational 
missile 


Outstanding Features of United 

TransitO'ized Telemeter Units. 

• Inteichaageable Sub Ciitiei Oscillator 
aad Low Level Amptllier Units 

• Standard Calibration curves 

• High overall Accuracy 

• 7 channel basic unit (other channels 
available) 

• Precision band pass filters prevent 
channel interaclion 

• RF Iiansmllter In shockmount 

• Low power and single voltage 
reriuiretnents 

• Total weight: 14.5 pounds 

e htodular cansiructlon for adeptabilil)i 
lo your space requirements 

• Built to ligid environmental 
specifications ton 

Vibration 



UNITED ELECTRODYNAMiCS 

A Division of United Geophysical Corporation 
1200 South Marengo Avenue • Pasadena. California 


Experience Counts 
in Develo pment 
If you are looking for a 
capable organization in the 
field of Instrumentation, 
look to United Electro- 
Dynamics. 


UNITED 


Researc/i • Development • Testing • Manufacitiring 
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-rASTENER PROBLEM- 



Pinning costs for 

precision differentials reduced 25 % 



Using taper pins for assembly of these three precision differ- 
eiitiak presented a cost-reduction problem to the PIC De- 
sign Corp. Tool cost, for ex.imple, was high because taper 
pins rofiuire fine, perishable and expensive taper pin ream- 
ers. Assembly costs, of course, were increased by the added 
reaming openition. 

PIC replaced taper pins with Rollpin in all assemblies and 
cut fastening assembly time and costs substatitially. Tlic 
high cost of reaming hits been eliminated entirely because 
Rollpin is a pressed-Kt. slotted tubular steel pin which dris es 
ewsily into boles drilled to normal production tolerances. 
Made slightly oversize. Rollpin compresses as driven. Its 
spring action locks it in place— withstanding impact loading, 
stress reversals, and severe vibration. And base price of 
stainless steel Rollpin is far lower titan the equivalent taper 


COUPON FOR DESIGN INFORMATION- 


temperatures will requite that protection 
against thcrmo-nuclcar reactions be 
provided. 

• Geodesy. The force and direction of 
gravit}- at various points on the earth's 
surface is being measured to get more 
accurate figures on the earth's shape. 
GRD is backing solar eclipse expedi- 
tions. 

Simultaneous coronogtaph sightings 
of the stage of the eclipses will al- 
losv scientists to compute accurately 
the relative jMsition of different points 
on the earth. The tcsults arc important 
in missile guidance system dcs elopmciit 
.md map making. 

• Oi>tiinal flight ])laniiiiig. GRD in 
.issociatioii nitli the Cook Research 
I.aboratorics of Skokie, 111., is perfect- 
ing a technique called "-in flight plan- 
ning to iinprmc coordination of air 
crew, meteorological and operation per- 
sonnel and extend pressure pattern na\ i- 
gation techniques for use abuse the 
altitude nf jet stream cores. 

• Severe storm program. The Directo- 
rate is studsing siolent or hail-beating 
loc-al storms larger in area than tor- 
nados and smaller than hurricanes. The 
sharactcristic shape has been iden- 
lified by r.idar and storms arc being 
observed to determine boss- thes inosc 
and change and svhcrc hail falls rcla- 
tisc to refctencc points in the stonn 

• Surface trafficahillty measures. Ihc 
Directorate has desclopcd an "airborne 
drop pciictromctcr” sshich lights a flare 
on impact ssitli the ssirface if its bear- 
ing strength is ahosr a critical value. 
Scisuiogta]shs have prmcii saluablc in 
determining the thickness and strength 
of .Arctic ice. .An airborne seismometer 
is now under dcTcTopmcnt which "ill 
acturatcly measure the propagation of 
the various shock waves from a charge 
drnppcx! on the ice as an indication of 
trafficahilitv. 

• Statistical forecasting. Local forecast- 
ing on the basis of a bug standing 
historical record of the meteorological 
par.imetcrs of |)iist "Gather is a prom- 
ising approaeli Iscing explored. It is 
based on the tlicorv that if tlit con- 
ditions leading up to and surrounding a 
certain tv|)e of weather should recur 
tlic wfatiicr also will recur. Because 
of tlic rarity of exact repetition of con- 
ditions, forecasts may be stated in 
tenns of probability, 

• Iligli altitude wind measurement. 

GRD contractors are using star "hvin- 
kle" as a measure of upper winds. TTic 
twinkle has liccn found to be caused 
bv the movement of turbulent cells 
having different optical refraction. 
Movement is caused by the high alti- 
tude winds. GRD scientists believe the 
frcc|ucncy of the twinkle can be trans- 
lated into accurate terms of speed and 
rlircction. * 
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Individual Components 
or complete assemblies 
to precise electrical, 




10 precise eiectricai. 


Uniformly herd iln|s, 
friction and dimen- 



matched Record ot Performance 

Today, Electro Tec Slip Ring and Commutator Assemblies 
arc the choice of leading aircraft, instrument, and component 
manufacturers throughout the world. Our units are selected 
for Gyro and Servo applications, for Telemetering and Radar 
devices, for Guidance systems, and Automation equipment . .i 
where sustained and reliable performance is a requisite. 
Pocilitioo. Avalloblo to Servo You 
Plants in South Hackensack, N, J., Blacksburg, Va., and 
Ormond Beach, Fla., arc currently producing a wide variety 
of Slip Ring, Commutator, and Brush Block Assemblies, 
Precision Selector Switches, and Miniature Relays. Complete 
Engineering Facilities and Branch Sales Offices in Los 
Angeles. Minneapolis, Chicago, and Waltham, Mass, arc 
geared to service your requirements. 

AVrite for fully illustrated literature. 


ELECTRO TEC CORP. 

SOUTH HACKENSACK, NEW JERSEY 
PRODUCTS or PReCISION CRAFT8I 
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TDI designed and developed under controci with the Air 
Force Wright Air Development Center, the unique 12* 
Channel FM/FM telemetering system officiolly designated 
as AN/AKT-7 and AN/UKR-2. Close cooperation ond 
guidance by Air Force personnel coordinated with a modern 
systems design approach by TDI engineers, resulted in 
this e;<tremely versotile miniature system. Featuring inherent 
reliability and accuracy, simplicity, mobility and economy 
with provisions for automatic checkout and calibration, it is 
typical of the high standards set by TDI in all phoses of 
telemetry. Let us show you how the AN/AKT-7 and 
AN/UKR-2, 12-Channel FM/FM telemetering system can 
be adopted to meet your requirements — write for free 


TEAMWORK IN TELEMETRY! 


AN/AKT-7 and AN/UKR-2 

Miniature Telemetering System 


— See us at WESCON, Booth 617 


Ground Electronic 
Systems 


Airborne Electronic 
Systems 


ICS Inc. 

Forinerfy, Roymomf Rosen Engineering Products, Inc. 
32nd and Walnut Streets, Philadelphia 4, Pa. 

Western Regional Office: 15016 Ventura Blvd., Sherman Oaks, Los Angelea, California 


TECHNICAL FIELDS OF INTEREST 

AIR RESEARCH AND DEVELOPMENT COMMAND 


TlirniJgli tlu* ciiM|MTuiinii nf \matiov Wkkk. l!:u .\ir Kesrarrli 

ilrlrrtninr liii> iitild|>jii‘il rf-fiirrl: aiul iL'A.'ltifiiiinil 

imu.niiul. 

Till' inf«>tmeli<iii uliiainrif \:ili lir rjurn'il in llu- |*r"|>i‘r AlUJC 
iii'nlff S(nm*i* Kilr- ami all rnii.. -n onli'rrd Hfll Iti* {‘un&id(T:*il 
fi.r fuluro Air Fnrci* rie.scarrii an: 

All i>raani/.3linmi ot instilnlinn:: 

Aitild art* rr(|up-fpcl to complplp ihr 


siBceaFT ano ri 


IT eSUIPMENT 


lighttr.Thso-Air 

ASIBONOMT, CEDPHTSICS AND CEOflBAPHT 

E3; 
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Development programs. 

>i in conlroeting Tor 
>cd “tcar.out" source 

Speed: Compressicm 

VIIBE COMMUNICATIONS 
DETECTION 

Mieroweve Panorarnlc Ty 


I nil fui'ililii'N fi.r ii'>ii'arc)i mirk. iiIrsM* dn not ciimplelr tliis 
III. U >mir rmiijiHii)' lias m'iiI in siniiiiir infuramliim aitliin 
' past year, du not cniiiplete ilie funii. 

I'oiir reply, ol cuufsc. will mil ubligaie yniir coiiipany, .ARIXl 
Amatiiin Wr.EK in any way, 

Preauency Synlhedaera and Oaeirielara 
Securllv Devieea (Cryptographic) 


ElECTBONICS AND ELECTRONIC EOUIPHENT 


id VPF-U.HP Aalennei 




BeDecTar-Stiuctuies 


Organic Chemiarry 
COMMUNICATIONS 






Short.ftang^recision 


Ojple.er 


Unrsgu.ated, Dynamorcra Csneralora 

EleelrenTc Tutie Di 

Din— Caicinctrcns, Slabililronr 


Electronic WarFere Systtin Studies 
Broadband Microwave Trorttmilting TuDes 
Broadband UKF.VHF Tranintilting Tubes 


CoiraT^V'^E I " 
Propagation Engineering ' 


MF. 'lw \"d PWKi iSplitl^ *r 

UKf: iSw and blgb Pwi) t! 

SHF, Low and High Power, AmpMude or 




Anti-Jam Techniques and Equipment 
Itilerference^liminetion and Suppression, Blinkers 

SOUND BECOBBING AND AMPLIFICATIONS 
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Now... a battery of 
Hydroforms at 


r -JT 




• to reduce your development time and 
costs on every pre-production runi 



Kaupp hydroformcd prototypes and 
pre-production parts ore accurately formed and 
drawn in less time, at lower cost. Hydroforming 
produces short run, and in some cases 
production pieces, quicker and more 
economically than tool and die methods. New 
equipment installed by Kaupp assures faster 
service. For complete information on Kaupp 
metal forming facilities, call or write today! 

FEWER DRAWING OPERATIONS 
SIMPLER TOOLING 
FASTER SET-UP 
IMPROVED QUALITY 
Expanded Kaupp facilities include deep 
drawing by conventional methods for volume 
production runs and a completely equipped 
metal spinning department- 


C. B. KAUPP & SONS 
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FLY 

LIGHT 



ARC’S new ADF weighs less than 20 lbs 
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INSULATION PROTECTION 

for 3^1,000,000 

INVESTMENT! 



H. I. THomnoH nsin class co. _ 

1733 Cordova Street ■ los Angeles 7, California I |j|| 



CUT COSTS.. IMPROVE QUALITY.... 

Oheiniciil Milling 

byNABKO 



INUn, by NAPPCO’s iiclviiiuo.l uck .homiciil mill- 
ing |>i‘ore!>!«. aliimiiiiini anil imigiirMiini may b«^ 
Picheil scloctively to a tloplli of witli u toloruiiee 
of ±.005 or belter. No special machine tools or dies 
required. The process is entirely eliemical ami 
because no mccbimicnl maeliiiiing is required, pro- 
duction Oil pre-formed or contoured parts is ns sim- 
ple and inexpensive us on flat stock. 

Call your nearest N.\PPC0 office for complete tech- 
nical data on NAPPCO’s chemical milling process 
and discover how niiich it will help you to improve 
quality, speed prodnclioii. and cut costs. 

N.APPCO CHEMICAL MILLING 
Licensed by Tnreo Proditcls, Inc. 


NATIONAL PLATING 
& PROCESSING CO. 


CHEMICAL MILLING • HIGH-TEMPERATURE CERAMIC COATINGS • ELECTRO-FILMING • ELECTROLESS NICKEL • 
BONDERIZING • SILICONE-ALUMINUM BAKING • HARD CHROME PLATING • SILVER AND GOLD PUTIN6 






• CONTRACTORS 





You save considerable time, trouble, and expense when Scott invest- 
ment casts your ferrous or non-ferrous parts. 

Time, because Scott experience speeds the entire process of designing 
the part for casting. Scott specialists work with you right through from 
start to finish. 

Trouble, because this division of Rolle is capable of taking the entire 
responsibility for casting performance. Petty day-to-day annoyances 
become Scott’s worry, rather than yours. 

Expense, because Scott takes a direct approach to every casting prob- 
lem, eliminating false starts and waste. Scott’s priceless years of actual 
production experience assure you maximum return on every investment 
casting dollar. 

Further, as a Division of Rolle Manufacturing Company, Scott 
can offer you the most complete laboratory test and quality control 
facilities. 

WRITE NOW for complete information on Scott's facilities for in- 
creasing your dividends on investment casting. 



DIVISION OF ROLLE 
MANUFACTURING COMPANY 
309 Cannon Avenue. 

Larsdale, Pa. 
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LEWIS 


aircraft electrical cable 


to MtL-C'2S038 



For permanent installations specify LEWIS 
MIL thermocouple wire in accordance with 

COPPER-CONSTANTAN 
CHROMEL-ALUMEL 



fll IRON-CONSTANTAN 

I IN ALL CLASSES AND TYPES PROM OUR OWN WIRE MILL 


the LEWIS ENGINEERING COMPANY 

naugatuck, Connecticut . 
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Tiny gas turbine 
provides vitai power for giant 
air freighter 


HUGE GLOBEMASTERS depend on Sohir 
Mars gas (nrbines ns n vital auxiliary 
power source. Built into an airborne 
generator, the Mars provides power 
to operate cargo winches, ramps, 
lights, engine starters and other 
equipment. Specified on the Douglas 
C-124C, the Mars unit is also used on 
the Lockheed C-121C, the.Convair 
C-I31B, and the Boeing KC-97. 

Military services and aircraft build- 
ers recognize the amazing advantages 
of Solar gas turbines. Their reliability 


is proven. They are rugged and 
simple, light and compact, and easy 
to maintain. Solar builds two models 
— the 50 hp Mars and the 500 hp 
Jupiter— for varied applications. 

You should know about Solar gas 
turbines. And you should know about 
Solar— a company with 30 years of 
experience in using tough alloys to 
.solve tough engineering and fabri- 
cating problems. For more informa- 
tion, write Dept. 0-53. Solar Aircraft 
Company. San Diego 12, California. 



SOLAR 






No»!...tk NEW 



• CONTRACTORS 
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FLIGHT REFUELING, INC. OFFERS . . . 


A COMPLETE FUEL SYSTEM SERVICE 

Besien..cMemceitiiie..TcsT..MAiiuf/>CTuitc..iiisTAUATioM..ricit> scKvicc 



ATTANTtOA ENGINEERS 




Flight F.efueling, Inc. 

FRIENDSHIP INTERNATIONAL AIRPORT tollimor* 3. Maryland 






• CONTRACTORS 



Pictured below are four reasons why Rohr 
is world-famous as the builder of read\ - 
to-instal! Pow-R-Pax for airplanes. In 
addition to the Lockheed Super G Con- 
stellation— Rohr builds the Pow-R-Pa.K for 
many other leading commercial and mili- 
tary planes including the Boeing KC-135, 
B-52. Douglas DC-7 and the Convair 440. 



Plus over 30,000 other different .air- 
craft PARTS. Currently, Rohr is producing 
over 30,000 diSerent parts for aircraft of 
all kinds — utilizing the vast design, engi- 
neering and production experience gained 
from building thousands upon thousands 
of power packages ... far more than an\'- 
one else in the world. 








RADIATION, Inc.'s scope of endeavor covers the following fields: 
Antenna Design and Development Reflective Studies 

Special Weapon Instrumentation Data Conversion Systems 

Experimental Aircraft Instrumentation Recording Systems 
Electronic Countermeasure Systems Digital Telemetry Sys- 
Missile Checkout Equipment terns 


Orlando, Fla 

c Electronics * Avionics * Instrumentation 


VERSATILITY 

IN DESIGN AND DEVELOPMENT 

From Circuit to System to the Site, RADIATION, 
Inc. has the experience and facilities to provide a 
complete contractual service. 
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FOR HIGH TEMPERATURES 


The planes on your drawing boards right now 
must be designed to fly higher and faster than 
ever before. This means that tough problems 
created by the terrific temperatures gener- 
ated at supersonic speeds have to be licked. 
CECO is already developing systems and 


components designed to meet temperature 
requirements and other requisites for high 
Mach aircraft. So — if you’re running a fever 
over high temperature — or other fuel con- 
trol problems — come to Chandler-Evans for 
the right medicine. 


CECO OFFERS CAREER OPPORTUNITIES FOR YOUNG 
ENGINEERS . . . who want to play an important position on a deoel- 
opmental team . . . who want the responsibility of originating and 
carrying through their own ideas on vital research projects.- Write 
direct to our Chief Engineer, Mr. A. M. Wright. 




CHARTER OAK BOULEVARD, WEST HARTFORD I, CONN. 


Makers of Jet Aircraft Accessories Produced TODAY 


TOMORROW'S Progn 



PROTECT AGAINST . . . 



. . . WITH MINIMUM WEIGHT 



e fleet of model 
;ns of damage. 


jred by a duPont subsidiary, is light 
a tough durable surface. It adheres 
conforms to any shape while being 




— with Celco 





Yourpl.nl ii Mly hour 
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ENGINEERING TIMETABLE 




RESEARCH -DEVELOPMENT 



NCR IS BUILDING 

Many areas in which NCR has experience and future 
interests are of vital importance to the United States 
Air Force and the Aircraft Industry. People of all 
levels of background, education and achievement are 
participating in NCR’s expanding program in such 
broad fields as electronics, computers, mechanics, 
chemistry, and physics. 

These people work side by side in a concerted effort 
with engineers and scientists of outstanding ability 
in their respective fields. They staff the latest and 
most modem facilities, such as the newly constructed 
Research and Engineering buildings pictured above. 


A BRIGHT FUTURE 


Inquiries are encouraged about any facet of The 
National Cash Register Company, and they should be 
addressed to Defense Contracts Administration, The 
National Cash Register Company, Dayton 9, Ohio. 


ENGINEERS & SCIENTISTS 

Openings in all phases of Research and Development. 
Direct inquiries to: Profeasional Personnel, The 
National Cash Register Company, Dayton 9, Ohio. 


THE NATIONAL CASH REGISTER COMPANY, o.,i.n 9, ohi. 
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PRE.SSrnii-TIGIIT .lOIXTS 
PH’S 

WEIGHT HEBECTIOX ? 

Yes, the EXPAND-O-MATIC* JOINING PROCESS with our new 


needs, will enable you to accomplish these and many other 
objectives while providing LOW-COST production of your pres- 
ent and future JET AIRCRAFT and/or MISSILES. 


> EXPAND-O-MATIC* 


e use of wire or wire pins as 0 


BOSS RIVETEHS, I.XC. 




Speed Stainless Tube 

rrSfaDrlClIiCII 


aSo? "wri?e 

for complete information today. 

STAINLESS PROCESSING DIVISION 

WALL COLMONOY CORPORATION 





Have 

you heard 
about 

Permadizing?* 


• CONTRACTORS 



*SdIlman’s exclusive PennadiziiBg Process can solve 
your rubber-to-metal bonding problems with completely flash- 
free parts. Steel-smooth scaling surfaces allow effective 
scaling at almost zero pressure. 


Stillman Rubber Co. 


23525 Lorain Rd., Cleveland 26, Ohio - 561 1 Marilyn Ave., Culver City, Calif. 



"Get Your Air the Positive Way” 

USCD BY 

THE AIRCRAFT INDUSTRY FOR: 

• Jet Engine Starters 

• Cabin Pressurization 
■ Simulated Altitude 

Conditions 

• Ground Air Conditioners 

SUfORB^LT 

CORPORATION 

2003 East Slauson Avenue 
Los Aneeles 56, Colif. 
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KOH LER 

PRECISION CONTROLS 

Aircraft • Industrial * Automotive 


”Super-G” uses Kohler valves 

Kohler bleeder and filler check valves, as well as 
hydraulic check valves are standard equipment on 
the latest-model Super-G Constellation, manufac- 
tured by Lockheed Aircraft Corporation. 

Jet engine, commercial and military aircraft 
manufacturers specify Kohler Precision Controls 
for exacting hydraulic, fuel, pneumatic and air- 
frame applications. 

Kohler Co. maintains, in one plant, complete 
facilities for forging, casting, machining and finish- 
ing. Our engineers develop controls to specifica- 
tion for volume production. Write for information. 


Kohler Co., Kohler, Wisconsin. Established 1873 

KOHLER OF KOHLER 

S • HEATIN6 EOUIFMENT • ELECTRIC FIANTS • AIR-COOIED ENCINES • FRECISION CONTROIS 
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"What do you 
need for a 



Frank W. Fink. V.P.. Chief Engineer 

successful engineering career?” 


Your future is brighter at Ryan because of this unique combination of advantages; 



DIVERSIFICATION - Ryan is in all fields of aviation - 
Airframe — Propulsion — Electronics. 80 percent of Ryan 
engineering is challenging design work in Jet VTO — 
Global Navigation— Jet Drones— Missile Guidance— New 
Planes — Missiles— Jet Engine Metallurgy and Rocket 
Combustion. 

SIZE — With 750 in the Engineering Division, Ryan is 
big enough to be diversified — small enough to be closely 
knit. You will get stimulating, broad experience — never 
feel “lost in the shuffle.” 

STABILITY— In 33 years, Ryan has designed and pro- 
duced 25 different aircraft, missiles, drones and pioneered 
in jet propulsion— afterburning — CW Radar. 

GROWTH — Ryan Engineering Division has tripled in 
three years. Ryan leads in Jet VTO— Automatic Naviga- 
tion-other fast-growing fields. 

CLIMATE— You will enjoy sunny, clear-sky San Diego 
where living is unlimited— where the world’s best climate 
lets you swim, yacht, ski, golf, fly the year ’round. Where 
beaches, mountains, parks are minutes away. 

Ryan needs all types of Aeronautical and Electronics Engineers. 
Designers, Analysts, Specialists. Invest in your future, Act now by 
sending in the coupon below. All replies are strictly confidential. 



Mr, James Kerns 

Engineering Division, Ryan Aeronautical Company 
2703 Harbor Drive, San Diego 12, California 
Dear Sir; 

Please send me your free illustreted engineering brochure. 


RYAN AERONAUTICAL COMPANY 








WE ARE 
LOOKING 
FOR MEN . . 


TO LOOK INTO SPACE PROJECTS 



With 

GRAND CENTRAL ROCKET CO. 

Redlands, California 


As pioneers^ Qur solid propellant rocket motors are 
now operating in the Upper Air Reaches. The future 
will find them in outer space. For your invitation to 
[oin our growing staff of recognized solid propellant 
scientists, engineers, technical specialists and 
trainees; and for the pleasure of working ond living 
in beautiful, smog-free Redlands write or call today. 

SOLID PROPELLANT ROCKETS ARE PROBING SPACEI 

Pen't Miss The Grand Central Rocket Co., Booth 721 at the 
Airforce Association Airpower Panoroma, New Orieans, La. 

. . .August 2-3>4 & 5. 
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THE MEN IN THE SHOPS INFLUENCED US 



1 — 


j 






“Your impressive customer list — 
and the many good reports from 
pilots using your engines— are 
two reasons we picked Airwork as 
MU' overhaul agency. But the 
most important reason was the 
confident, capable look of the 

liho^rthe'' Mmrmen"tha'^ woX 


8 out of 15 “Million Miler" Safety 
Awards went to pilots flying “4 years a 
Airwork Overhauled engines. with your t 


flirwork 
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Promotion for Engineers 
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EXTRUSIONS FOR TOMORROW 
BRIDGEPORT ALUMINUM TODAY 


...in a wide variety of alloys for 
extremely high-stress applications 




BUMBLEBEES CAN’T FLYI 


You’ve heard the old story! 

Eolir engineers, too, are busy every day solving 
near-impossible problems related to many phases 
of flight — important, challenging design and 
production problems on hundreds of vital, major 
aircraft components- 

One example; The development and production 
of complex stainless-steel, honeycomb sections for 
high-si>eed aircraft and missiles. 

Rohr is humming these days with more and 
more large military and commercial contracts. 

Skilled engineers are urgently needed to grow 
witli these big, long-range programs. Young men 


are offered outstanding career positions with 
unmatched opportunities for advancement \vithin 
this large, fast-growing aircraft firm. 

Especially needed now at Rolir are: Design, 
Stress and Structures, Lofting, Equipment, Elec- 
trical, Liaison, and Aircraft Industrial Engineers, 
Thcrinodynamicists, Metallurgists. 

Write us today! Learn about our sound man- 
agement policies, personal benefits, chances for 
quick advancement and other career advantages 
here at Rohr in beautiful Chula Vista located on 
cool San Diego Bay. 
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if your professional interest is in missile development, 
you belong at Martin-Denver 


For when you combine the challenging problems in our project of conquering 
outer space with the advantages of living in the colorful Rocky Mountain 
area... you will have the ultimate in realizing your professional aspirations. 


The Martin Company invites you to TAKE ANOTHER LOOK at the real 
engineering opportunities in Denver, Colorado and write to Emmett E. Hearn, 
Bmpl. Director, P. 0. Box 17S, Dept. K-i, Denver I, Colorado 


jF=r ~M~M #N# 
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LEBANON’S NEwQrAMICAST 
PROCESS NOW IN QUANTITY 
PRODUCTION OF TWO 
AIRCRAFT STEEL CASTINGS 

















ACCURACY 
PERSONIFIED to 20,000 psm 

FINGERTIP CONTROL HYDRAULIC 

TEST EQUIPMENT 
by MOHLER! 


fHe 

Of 


only 


^OUIPU 




1 Write! Wire! Phone for details! 

Eosterrt Soles Office; 

IVeslern Sales Office; 

Arthur E. Bausenbach 

William F. Mohler 


ffione NODMANDY SS-223 


OTHER MOHLER PRODUCTS — Hydraulic Presses. High 
Accuracy Trorsminers, High Pressure Air-Hydraulic Pumps, 
Controls ond Valves. 

(Cable Address: BAUSENBACH - BUFFALO,' U. S.A.) 
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"Flight -Leader" in Dependability... 

/k(f0/il/^''Advan€e~Engineered" 


Aircraft Cables . . . 




Here's how FWD tackles specialized 
heavy-duty equipment problems 



For more than 40 years . . . The Four Wheel Drive 
Auto Company has been actively engaged in designing, 
developing and building greater, surer mobility 
into prime movers and other specialized heavy- 
duty military vehicles. As early as World War 
I, more than 28,000 FWD trucks were delivered 
to allied armies. Since that time a part of our 
production has always been for America’s de- 
fense program. More recent heavy-duty, specialized equip- 
ment projects handled by FWD include the designing, 
development and manufacture of the "Tera- 
cruzer,” a Pneumatic Roller Type Carrier for 
Cargo or Personnel; the MUC 6x6 Crane 
Carrier, and the two-ton, 4x4 self-loading 
missile carrier. 

The experience and technical "know-how” of 
FWD Specialists, as well as our manufacturing facilities, are 
prepared to help solve your heavy-duty equipment prob- 
lem now. 

Neovy-Outy Veiitcia Speciolifh 





THE FOUR WHEEL ORIVE AUTO COMPANY . clintonville. Wisconsin . Canadian Factory: kitchener, Ontario 
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There’s a dependable 

AN 

SCINFLEX CONNECTOR 

for every electrical circuit 


proviili- iiiaviiiimn pnrforinaiiot' under llic most rugged 
operaling nindilions. 

n-sislaiiec to moisture anil vibration, these eiumerliirs 
are provhled in a variety of AN type.*. 

Our Sales Department will be glad to fnrmsh eoin- 
plete information on reipiesl. 


^^^^SCINTILLA DIVISION OF 
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NEW IDEA FOR AVIATtONI 



fastens tight, tight., 
yet can be removed 
without difficuity 

This picture shows why TORQ-SET tightens so tight, ye. 
can 6c removed wUhoid di^cuHy. 

This is possible because the drivi: 
g. Produced fr 
in be poi 
ng or dUtorting. 

at work in the aviation industry 
mooth head surfaces, 
;r driving. 

.. created the famous 
Phillips Head fasteners, TORQ-SET is now being produced 
by American as a completely-forged product, which makes 
possible unlimited production enhanced by the fine physical 
properties of cold forming. 

For more information on the ways TORQ-SET can be 
applied to aircraft production, write, wire or call American 
Screw Company, Willimantic, Conn. 


biggest news in 
fysfeners comes from , 


mencan 
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Where Conventional Actuators Won’t Work. 


SAGINAW b/b SCREWS 

Will Solve Your Problem! 



NEERING ABILITIES, EXPERIENCE 
AND DESIGN FEATURES TO OVER- 
COME ALL THESE PROBLEMS: 



.. hi.h 4-OM- f.Tli^c „ni<. 


POWER RESTRICTIONS 




SPACE/WEIGHT LIMITATIONS 



s 


oqAiuiUJi/ 

y' CbpRTina 

J^creufA fc. J^p£me^ 


REVOLUTIONARY 8ALL/BEARING SPLINE 



SteiHlW STilllHfi 


V., 6EHEIIL IIOTOIS 


S16IH1W. tllCH. 






srs: 




S":!E~£:;S,'S‘i;,ri"S“;SS: 








MBs.:::. 

„ 






iSESS" 

si:~ “srriS'S 5"!-.,. ....»., 

“Sr: 



AVIATION 



THE 


PROGRESS 


TEAM 


:d ■ndustr}' uiu 
e OPERATIONAL P 
i teamwork., .(he indispensable ingredient 
assures the quality of military electronic 
IS which this Company produces. 


v 5 r 

AwtafioK 

flfe^Wiei 


PWoefe 





DIVISION OF 


AVIATION CORPORATION 





IF 





DESTINATION.. 

UNKNOWN! 



447 




The ietliner age arrives for everyone. 


TWA and Delta Air Lines buy 40 new Convairs . . . 

GENERAL ELECTRIC JET ENGINES 


POWER WORLD’S FASTEST AIRLINER 


New plane to cruise at 609 mph, serve America on 200-3000 mile flights 


If you are looking forward to the quiet, 
vibrationleas luxury of commercial jet 
flight, Convair’s new jet transport is a 
major step ahead for your travel future. 
World’s fastest airliner, the Convair jet 
will be powered by four new General 
Electric jet engines. It will have a 609 
mph cruising speed. Already ordered by 
Trans World Airlines and Delta Air Lines, 
it will cut many U-S- flight times in half 
—bringing, for example, Kansas City 
nearly two hours closer to Washington, 
Chicago just over tvro hours from Miami. 


CONVAIR J6T can fly from standard 
runways. The new jet transport is spe- 
ciflcalty designed to land and take off 
from the runtvays already standard in 
most major American cities. This feature 
is a result of the plane’s powerful new 
General Electric CJ-80S engines. They 
produce more power per pound of weight 

parable size. 

SINCE 1941, when General Electric 
built America's flrst jet engine, the Com- 
pany has provided the Armed Forces 
with more than 31,000 jet engines. Just 


in the past eight years. General Ele^ric 

logged ten and one half million hours in 
such famous aircraft as the Boeing B-47 
and the North American F-86 Sabre. 
FARSIGHTED POLICIES of U.S. airlines, 
plus Convair's engineering to the "Nth” 

experience, will bring many new benefits 

trie, as always, continues to play a leading 
role in our nation’s new Jet Age. General 
Electric Company, Cincinnali IS, Ohio. 


T^vgress Is Our Most Important Product 


GENERAL 



ELECTRIC 





AMPEX TAPE RECORDERS FOR EVERY DATA RECORDING NEED 

A complete line that works together with compatible characteristics 
and a consistent standard of excellence 





FUST IN MKCNETIC HPE IHSTtUMEHUTION 
934 Churlar Street • Redwood City, Colifornio 
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The "bogeys” never had it so bad. Successful infiltration of our skies by 
their manned aircraft is slimming away to the point of no return — thanks 
to Navy F4D Skyray fleet interceptors. 

The sleek, supersonic Skyray has a new stinger — Westinghouse Aero 13 
armament control system. Aero 13 employs search-track radar to find the 
target. The computer calculates the best attack course and firing informa- 
tion. The rest is wreckage! Weather and moonless night make no difference. 
The "bogeys” can run, but they can't hide. 

The Aero 13 armament control system is another example of Westinghouse 
creative engineering to solve today's problems-and tomorrow’s applications, 
as well, Information and engineering assistance in specific fields of airborne 
electronic systems are available to you from Westinghouse Electric 
Corporation, Air Arm Division, Friendship International Airport, 
Baltimore 27, Maryland. ;-9ioso 

IME Aia ARM SYSTEMS FAMILY 
Fighter Armament Bomber Defense Flight Control 
Missile Guidance Spedal Purpose SystemsComponents 


TVANDMDIOI 


Unique barrel-type package fits 
perfectly in the nose of the aircraft. 
Overhead slide-rail mounting pro- 
vides easy pull-out for service. 


WATCH WESTINGHOUSE! 
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X-2 Hits 1,900 mph. to Set New Reeord 


Wasliiogton— The Bell X-2 rocket- 
|)o\vcrcd rcscarcli plane has set a new 
unofficial world speed record of 1,900 
mph-. almost three times the speed of 

The X-2 was piloted bs- Lt. Col. 
I rank K. (Pete) Everest and surpassed 
the former unofficial record of 1,690 
mph. and Mach 2.5 set by Maj. 
Cliarlcs Yeager flying ^le Bell X-IA in 
Occcinber 1993. Ilic X-2 flight was 
763 mph. faster than the official world 
speed record set earlier this seat hv the 
British Fairey Delta. 

At the altitudes where Col. Evcrc.sf 
attained his maxinmin speed, the X-2 
leachcd Mach 2.9. The X-2 is powered 
by a 15,000 lb. thrust Curtiss-W’right 
rocket engine. 

The X-2 record u-as .set late in Jiih 
at the USAF Flight Test Center, Ed- 
wards Al'B, hut ufficial annoimccment 
of the flight «”as censored by the Dc- 
partinent of Defense dcs|)itc strong Air 
Force pressure to release it. 

Gen. Nathan F. Twining, USAF 
Chief of Staff, had intended to announce 
Ihc X-2 record in a recent Speech at the 
.National Press Club here, but all ref- 
erences to Col. Everest's flight were de- 
leted in last-minute censorship bv De- 
fense Scactary Charles E. ^Vilson and 
bis assistant for public and legislatisc 
affairs, Robert Tripp Ross. Gen. Twin- 
ing was finally permitted to make a 
brief and vague reference to the X-2 


record flight in his speech before the 
Air Force Association convention. 

Top les'cl US.Al' nfficcis. familiar 
with the high speed flight re.search pro- 
gram and its technical implication.s, 
agreed that no militars' security was in- 
I’oh cd in revealing the X-2's inaximimi 
speed or altitude achie'cmcnt. Gen- 
uine military secrets lav in flic details 
of the performance parameters of the 
airframe and its rocket powcrplant on 
its w.iy to and from the peak speed and 
altitude and their application tn the 
latest supersonic aircraft designs. 

Defense Department censorship of 
ihc X-2 record fliglit preceded another 
bitter battle between US.AF and .As- 
sistant Secretary Ross' office in which 
llie contents of a proposed guided mis- 
sile forum presented b>' the Air Rc- 
searcli and Dcichipmcnt Command 
were heavily censored, and the appear- 
ance of Maj, Gen. B. A. Scliriever, licad 
of the USAl' ballastic missiles ptogtam, 
canceled (see page 496). 

The Bell X-2 fell considerably short 
of its maximum design performance of 
2,900 mph. on the 1,900 mph. flight- 
Hcat problems ivitli tlic tiirbo-fnel 
pump presented getting niaxinuim 13.- 
000 ib. thrust from the Curtiss-AA’rigbt 
double-barreled rocket engine. 

No nnusual flight characteristic sncii 
as those experienced by Nfaj. Yeager 
in the X-l.A were encoontcred during 
the X-2 liigh-spccd runs, 'llic X-2 


was air laimclicd from a B-90 mother 
ship and landed on its unusual nose 
wliccl and fuselage skid gear on the 
Rogers drv lake bed. 

Second half of the Bell X-2 high- 
speed research program will he done 
by Capt- lien Kincheloc. Jr., a jet 
ace of flic Korean war, mJio will attempt 
to posh the research plane to its maxi- 
mum altitude performance estimated 
at 120,000 ft., 30,000 ft- higher than the 
90,000 ft. uiiofficia! record set by Maj, 
Arthur Nfurruy in the X-l.A. 

Capt. Kintlicloc has begun several 
attempts to extend the iiltitiide limits 
ot piloted aircraft but was forced to 
•ibort due to nicclianical problems. 

I'lic record fliglit in the X-2 marked 
the climax of a Tong and distinguished 
career as an cxpcriniental test pilot at 
Edwards .AI''B for Col. Ei'crest. It was 
his filial assignment at the US.AF 
I'light Test Center where he has been 
chief of tlie flight test operation labo- 
raton. He has been one of the prin- 
cipal liigli-speod rcscarcli program 
pilots since the first supersonic flights 
of the Bell XI in the fall of 1947. 
He has been assigned to attend the Ait 
University at Maxwell AFB. 

Tlic Bell X-2 was built as part of 
the co-opetative USAF', Navy and 
National Advisory Coniniittcc for 
.Acronantics higli-s|>ecd flight research 
program to extend limits of piloted air- 
craft into supersonic flight areas. 
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Guided Missiles Bar Disarmament, 
Complicate U. S. Task, AFA Told 


New Orleans— Introduction of guided 
missiles as a tool of war will make dis- 
armament impossible and vastly com- 
plicate the task of keeping U. S. military 
strength up to par, the Ait Force Assn, 
was warned last week at its tenth annual 

During a five-day session that saw lit- 
tle attention paid to morc-eonvcntioiial 
weapon systems, T. F'. Walkowicz, AF’A 
national director, warned: 

• The next war can he started by acci- 
dent, whim, mechanical malfunction ot 
by a relatively-small power employing 
trickery, 

• Once tnis-silcs arc in America’s arsenal, 
our entire concept of military logistics 
inav be rewritten with industry being 
given more direct contact with the usiii" 
commands, eliminating the need for afl 
or part of the Air Materiel Command's 
present complicated set-up. 

ICBM Means New Era 

W'alkowicz said that the intcicoiiti- 
iiciital ballistic missile will bring a new 
era of dangerous instabilitv to the world 
since a target country will liavc almost 
no warning of attack. 

For tliis reason, Walkoivicz said, it 
jjrohably will be necessary for a dc- 
iiiocr.icv to decentralize control o'cr tlic 
means of making war, csen to the Ics'cl 
of a commander who has responsibility 
for pushing a button. 

AValkowicz also pointed to the possi- 
bilih- of a country such as the Soviet 
Union proiidiiig tlic intercontinental 
ballistic missile to a rclatii’ely-smaller 
power, say Egypt- In such a case, he 
said, an "apprentice dictator” could fire 
the weapon at Moscow, resulting in pos- 
sible retaliation against the U. S. by the 
Russians, who would look upon this 
timntry as the logical warraaker. 

Such an esent, he added, might mean 
that the U. S. and Russia would destroy 
each other, "leaving Nasser to run the 
world as well as the Suez Canal." 
Missile Program Costs 

It also was pointed out that, since 
World War II, the U. S. has spent 55 
billion on the missile program, or two- 
and-onc-half times the cost of the first 
atomic bomb. At pre.scnt, there are 
some 100,000 people working on the 
project- 

Anothcr possibilitv cited by \\'al- 
kmvicz is that of defense radar being 
fooled and causing an outbreak of war. 
lie said: 

"Sunspots or a severe electrical dis- 
turbance could give the impression 


flirougli radar that missile attack is un- 

"Or to make it more human, some- 
one could think he siiw a missile attack 
in the warning equipment and start 
retaliation." 

Combat Logistics 

bat logistics, Gcii. Edwin W. Rawlings, 
cliicf of the Air Materiel Command, 
told aircraft industry leaders that he 
fuHv expects major changes in logistics 
methods when the ICBM arrii es. 

'Ihe Air Materiel Command, he said, 
already is laying plans for this shift. 

In the meantime, he said, his pro- 
giani is now keyed to the assumption 
that when war starts with the more- 
conscntional weapons in present USAF' 
units, it will be decided within 50 to 60 
days. 

This concept is largely responsible for 
the Air Force policy , now almost a year 
old, that places great reliance upon the 
aircraft industry, with consideration of 
such factors as industrial compressibility 
and industrial acceleration. 


• NEWS OF THE WEEK 

Tlic doctrine means tlrat the USAF 
will fight svith what is on the shelf and 
assembly line and must get the greatest 
possible use from that material. 

"Logisticiilly," Ceil. Riisvliiigs said, 
"Ihis concept also dictates that all com- 
bat forces must have sufficient material 
immediately available to them to sustain 
them during tlie decisive phase. 

"In this age of supersonic speeds and 
devastating weapons, we cannot rely 
upon rear-area build-ups cushioned by 
comfortable margins of time and dis- 
tance. TTicre will be no rear area, i’he 
front will be where our aerial weapons 
strike and whereser the enemy may 

Reliance on Management 

Gen. Rawlings also enipliasizcd that 
AMC’s job must be geared to full con- 
sideration of the shortage in technical 
and engineering personnel, as well as 
lo the limitations on the amount and 
tspes of facilities the US.AF' can build. 

"Management." he said, "must be dy- 
namic. aggressive and responsible. Man- 
agement must consider the use of our 
resources in the light of our limitations. 
We will be cerFain losers it wc stockpile 
large quantities of antiquated equip- 

Ccn. Rawlings was accompHnied by 
Maj. Gen. William O. Senter, comman- 
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dtr of H>e Okl;iliom;i Cit)- Ait M.itcricl 

Ccn. Sciitcr tnici the convention that 
of AMC's inotlificiition and over- 
haul work is being done liv contractors, 
lie pointed up the complexitv' of these 
jobs svhen he resealed that the Okla- 
homa City ,\ir Materiel Area had 
planned its niaintenanec and repair work 
on the Boeing B-s2 through I960 be- 
fore the first Stratofortress «as reeeised. 

Tsvo convention speakers indicated 
lliat the advent of guided missiles may 
base profound effects upon the USAF 

I.t. Gen'. Charles B. Stone, head of 
the Continental Air Command. s.iid 
there is a strong possibilits' that resers- 
i.sts will mail missile systems. He 
]>ointed out that, if this should come 
about, the regular ,\ir I’orce woidd be 
able to give more attention to "those 
systems not at all practical for the part- 


Bs- this. Gen. Stone apparcntlv was 
referring to the fact that it will become 
less-and-less practical for resenasts to 
fls manned aircraft as supersonic speeds 
.u'd s'ast electronic complications be- 
come more comnion. Missiles, on the 
other hand, might be a practical weapon 
for the |3arl-time airman. 

nasid S. Smith. Assistant Sccrctars’ 
o: the .-\ir Force for Manpower and Per- 
sonnel. said introdnetion of new weapon 
ssstems increases the "kill rapabilifv” 
for a given In-el of m.mpower. 'ITiis, he 
added, will base great impact npiin the 
"training, equipment and composition 
of resere components. He added: 
"\\'hcn the time comes to select rc- 
ser\ c personnel for assignment to guided 
missile sites, their proficiency in cnei- 
netting and tetimieal fields will be the 
deciding factor in determining tbeir 
qualifications for the job. 


Radford Skeplital 
Of B-52 Increase 

Washington— .Adm. .Arthur \\ . Rad- 
ford. chairman of the Joint Chiefs nf 
Staff, has urged the .Air I-'orcc not to 
"tic down" too much mone\ on B-s2 
production but to |)ul more effort into 
finding a successor for the Boeing 
Stratofortress. 

Adni. R.ielford said he "hopes" such 
an aircraft might be available in Fiscal 
1958, "and I don't care whether it is 
medium or heavy." 

In testimons before the Senate Air 
Power Investigating Subcimnnittec re- 
leased last week, the .Admiral Siiid no 
decision has to be made this year on 
whether to increase the B-52 program 
btvond the prcscnth-planncd 500 air- 
craft since the Ait Force contract with 
the Boeing .Airplane Co. extends through 
October, 1958. He added: 

"I foresee that ihe Air I-'orce budget 
for Fiscal 1958 will base to provide 
monev either In continue the B-52 or 
to bus another plane to keep the Stra- 
tegic .Air Command forces modernized." 

I hc USAF, he said, now has "three 
nr four lines of attack" towards des clop- 
iiig a B-52 successor. "It may be," he 
.idded 'that there will base to be an 
even more radical approach to a solu- 
tion of the problem than there has 

He also differed with earlier tcstiinom- 
by I.t. Gen. Donald L. Putt, USAF 
depnh- chief of staff for research and 
derclopmciit, who said lack of funds is 
holding back desclnpmcnt of the B-52 
leplacemcnt. "I am not so sore that 
wfiat thes- need is more money," .Adm. 
Radford said, "Thc\- probably should 
re-orient some of tfieir basic ap- 
proaches." Other points included: 

• Estimates as to when guided missiles 
will be operational arc generally overly 
optimistic. 

• kinification of the .Army. Na\y and 
US.AI-' into a single sers-icc "svonld not 
soUc anything. A\'c could all go into 
the same uniform and we would still 
have conipartmcntation within this 
.single uniform. 

• U. S. atomic weapon capability is 
mo'ing "toward.s more powerful deter- 
rents with smaller forces." 

• Tendenq- of U- S. intelligence agen- 
cies is to os'crcstiniatc Russian air 
strength. "There is good reason to be- 
hcs'C that we normally mcrestimate 
Communist capabilities in almost cs-er>- 
respect. In general, in the intelligence 
field tile's tend to err on the safe side. 

"I think SVC arc in a dangerous po- 
sitinii vis-a-s'is the Communists in that 
tcs|)cct todas-, because there has been 
an almost hysterical assumption of great 
capabilities on the part of the Com- 
munists. some of which, in my opinion, 
actually do not exist." 


SolirieA er Speech Canceled 

New Oiltans-Thc scheduled appcaiancc of Maj, Ccn. Bciiuitd A. Schrie-ver. 

ciaHon’s 10th*'anmul convention was canceled last sseck on the eve of the first ses- 
sion. The apparent reason— Defense Department pressure. 

Ccn. Sehriever, comniandei of the Air Research and Dcselopincnt Conim-and’s 
Western Development Disision. was scheduled to ap]>ca: on the piogr-ain with Lt. 
Gen. Tliomas S. Power. ARIXI commander, and three other ARDC generals in an 
unclassified discussion of missiles. Mrs name w.-is scratched without explanation. 

It is known, however, that there was coiisidciablc discussion at the Pentagon 
about the contents of tlie paper Cen. Sehriever had prepared. This led to 
speeulation hcic that the General may have ahandoned the project because of the 

Reliable sources at the convention, however, declared that the Geiieral was ready 
to attend but had been stopped by higher authority. 

Cleared portions of Gen. Schriever’s speech were later incoqwrJted into the presen- 
tation of Brig. Gen. Don O. Ostrander, Gen. Power’s assistant for guided missiles. 

The Pentagon also was reported to feel that, if Gen, Sehriever appeared at the New 
Orleans meeting, it svould be difficult to deny httmc requests for his apiieaianec 
before other mecrings. 
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First Half Financial Reports Are 
Mixed, But Generally Favorable 



TURNLOCK, contested as USAF fastener. 


Pending Test. USAF 
Drops Fastener Order 

Pending completion of some engi- 
neering service tests, the controversial 
technical order which called for the 
exclusive use of Tumlock type panel 
fasteners in .Air Force mainten;mcc Inis 
been rescinded. .Aviation AV'kkk has 
Icjincd from the Commander, .Air 
Materiel Command, Wright Patterson 
AFB, Ohio- 

T.O. -t-iHM-9 was a first .step in 
in US.AI'' attempt to reduce the variety 
of tvpes and sizes of quick operating 
panel fasteners (AW .April 16. p. 55). 
Members of the airframe industry and 
all six manufacturers of other types of 
fasteners who were aware of the order 
strongly objected to the Air Force’s 
(SnppK Division of AMO choice of 
the 'I'umlocfc "universal" fastener. 

Main technical objection of the air- 
frame users was that the rnmlock. due 
to its design, can be locked without 
necessarily pulling up the panels com- 
pletely. Therefore, they said, it was 
possible for a mechanic to think his 
job done when actually the panels were 
still loose. 

Letters to .Aviation Wei:k from the 
presidents of Camlock I'astcncr Coip. 
and Pachmayr Corp. fiirtliei amplified 
the two fastener indiistrv sides of the 
issue, f. Mills Summers, president of 
Camlock, one of the linns threatened 
with sales cuts by the technical order 
(present annual volume in this tv[>c of 
fastener well over the several liiillion 
mark), claimed tliat the action was 
dctrinicntiil to free enterprise (AW 
May H. p. 154). 

Frank Pachmayr, president of Pach- 
mayr Corp., said that since others arc 
free to produce the government owned 
patent, liis companv’s iiivcstment of 
$500,000 in perfecting the Tnrnlock 
has been in the best national interest 
(AW July 9, p. 122). 

Tlie rescinding order, T.O.-0-1-44C. 
was issued by the Supply and Logistics 
Division of the Topeka Air Force Base. 
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First half reports beginning to flow 
from the aircraft industry presented a 
picture of divergent performances with- 
in the industry, but on the wliolc bore 
out predictions at tlie inception nf the 
year that business would be good (AW 
Mar. 12, p. 194). 

Periodic investment analvses. as the 
summer report of Bachc & Co., pointed 
to the high defense budget and substan- 
tial backlogs as indications of a favor- 
able financial outlook. However, con- 
tinued wide variations in the industry 
arc likely, the report says, with diversi- 
fied producers outperforming the rest. 

The 'Value Line Suney notes sta- 
bilitv in the aggregate for the industry, 
but considers that current prices of 
most aircraft stocks fully discount or 
overdiscount the earnings and div idends 
ill prospect for the coming year. 

Mid-vear board meetings and reports 
produced these individual segments of 
the industn' picture: 

• General Dynamics Corp. 

Directors voted a thrcc-for-tvvo stock 

split, effective Oct. 10 and declared for 
payment Nov. 10, the day the addi- 
tional shares arc to be distributed, a 
quarterly dividend equivalent to 75 
cents a share on the shares now out- 
slanding or 50 cents a share after the 
split. 

•As in the Boeing Aircraft Co. split, 
voted earlier last month, a factor was 
the desire of the corporation for broader 
piirticipation by investors in the cor- 
poration growth. .Also contributing to 
the General Dynamics step were the 
record first-half sales and earnings— 
$414 million compared with S542 mil- 
lion in the 1955 period and earnings 
per share of 52.20 compared with SI. 85 
— .iiid forecasts for the immediate fu- 
ture. Backlog, incindini orders for the 
Convait 880 jet airliner, was estimated 
at $1.7 billion, and contracts under ne- 
gotiation totalled S427 million. First 
h.ilf net income was SI I million, com- 
pared with $9.5 million in the first half 
of 1955. 

• Martin Co. 

Earnings per share incrc:ised to $1.05 
a share for the secohd quarter compared 
with 59 cents for the first, but six 
months caniings per share of $1.64 were 
a decrease from the $2.05 for tlie first 
six months of 1955- 

Mattin reported a situation similar 
to that of Douglas Aircraft Co.-in- 
creased sales vohimc but lower camings. 
.Martin sales for the first half of 1956 
were $158 million compared with $126 
miilion last vear. However, operating 
income this year dropped to SS.7 mil- 
lion compared with $9.7 million and 


net income to S4.4 million from S5-5 

million. 

• Republic Aviation Corp. 

Effects of the four-month strike that 
ended in June were reflected in a drop 
in sales for the first half of 1956 to 
$165 million compared with $300 mil- 
lion in the first half of 1955. Net in- 
come for this year dropped to $3.5 mil- 
lion from 59. 5 million in the same 
period last vear, and earnings pet share 
kell from S6.47 in the first half of 1955 
to $2.38 in the firat half of this year. 

Strike-depleted inventories will be re- 
flected in the third quarter. Republic 
said, but consolidated sales for the year 
arc expected to reach $300 million. 
The company is anticipating substantial 
orders for the F-105. 

Responding to the expanding impor- 
tance of missiles, which investment men 
believe will gradually become the prime 
focus of militarv business. Republic 
leased a 34.000 .sq. ft. building at Mine- 
ola, i,. I. for its Guided Missiles Divi- 

Renegotiation of 1952 fiscal profits 
resulted in a refund to the Federal Gov- 
ernment of $1,077,164. After adjust- 
ment of the New York franchise tax, 
the net cost to Republic was $987,587, 

• McDonnell Aircraft Corp. 

Peak sales, earnings, backlog and pay- 
roll .ire reported For the fiscal year 
ending June 30. Sales were up 20%, 
from $154 million to $186 million, and 
earnings after taxes increased from 54.5 
million to 56.7 million, or from $3-07 
to 54.55 a common share. 

Backlog doubled, from $305 million 
June 50, 1955. to $679 million. This 
includes a 126% increase in missile 
work. Employment was at 16,456 per- 
sons and payroll was $79 million. 

Renegotiation is completed through 
lime 50. 1953, and no refunds were re- 
quired for Fiscal 1952 or 1953. 

• Solar Aircraft Co. 

.Annual report predicts bright future 
with the transition in onq3"t com- 
pleted. Solar became more active in 
the last year in missile components, new 
tvpes of jet engine components and gas 
turbine engines produced for several 
new applications. 

Reports from abroad were scarcer, 
blit Britain exulting in the Comet or- 
der hv Capital, could point to a six- 
montfi export total of $146 million, 
vvliicli is within $25 million of a record 
total rung up for all of 1955. 

Netherlands I'okker .Aircraft, which 
li.is licensed the h'airchild Engine and 
.Airplane Corp. to build the F-27 
Friendship, reported a 1935 net profit 
increase of 21% over the previous year. 
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Cessna 620 Begins Taxi Tests 
T’o Prepare for Initial Flight 


Cessna's Model 620 four engine 
CNCaitivc transport begun tusi tests last 
nceli. Follaning tlic |)attcrn set i)i 
Cessna’s conservative, iinnislicd desel. 
opnicnt of t!ic airplane, no date lias 
been established yet for the first flight, 
nhieli is to be made at McConnell Air 
Force Base adjoining Cessna’s Pawnee 
plant at Wichita, 

■'We will fly the airplane when we 
arc coniplcteh siitisficd it's ready to 
fir ." Cessna President D«-ane L. \\'al- 
lace said, ^\^lllacc likewise sidestepped 
any formal statement of price, which 
has been described unofficiallv as in 
the S500.000 range (AW April 2, 

p. 66). 

Week before last the Model 620 
prototspe was rolled out of Cessna's 
paint shop with a three color exterior 
|)aint- I'amiliarization, functional and 
cockpit test.s were carried on last week 
to familiarize \'. Dale M'cstfall, chief 
test pilot oir the 620 project, and 


W. If. Stinson, co-pilot, with the in- 

Prcssuiization and uit-tonditionin|, 
provided br- an AiRtsearcb gas tur- 
bine in the aft fuselage, were tested, 
and the landing gear, wliicli had com- 
pleted 4.500 cycles in Match in 
mockup. completed an additional 500 
crcics, F'lntter tests also were made. 
Additional performance figures; 

• 'I’akeoff distance met a 50-ft. obstacle 
at sea level is 1,800, ft. 

• Landing distance over tlic same ob- 
stacle is 2.250 ft. 

• Rate of climb at sea level is approxi- 
mately 1.600 fiJm. 

• Maximum range is 1,700 mi or more 
than 1,550 mi. with an average of one 
hour bolding time. 

• Endurance at 6596 power will be 
about 74 hr. 

• Takeoff gross weight is 13.650 lb., 
and landing gross is 13,000 lb. 

Other specifications: 


• Span and length ate 55 ft. and 414 
ft- rcspccti\ cly. 

• Wing loading is 40.1 lb. sq. ft. 

• Power loading is 10-6 lb- hp. 

• Kusclage height and width is 84 in. 
and 74 in. 

• Overall height is 161 ft. 

• Wheel base is 12.7 ft. and tread is 
18.5 ft. 

• Fuel e-jpacity is 535 gal. stored in 
outer wing panel and tip tanks. 

C-130 Drops Record 
Loads in Delivery Test 

,\erial delivers- tests of the Lockliccd 
C-130 Hercules turboprop cargo-trans- 
port at the F.i Centro. Calif., Naval 
Auxiliary .Air Station included dropping 
a 27,000-11). dumms load of iron and 
18 T\-pc .A-22 containers weighing 

29,000 lb. 

Each established a record, Lockheed 
said. The one was the largest single 
load extracted bv parachute from an 
airplane for aerial dehserv, and the 
other was the largest multiple load 
e'er dropped, and probably the heavi- 
est cargo floating out of any aircraft, 
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cither by parachute extraction or tilt- 
ing out an open door. 

In other flights, the C-130 dropped 
a road grading machine, weighing 
19,000 lb., and a 40nim. gun mount, 
weighing 7,500 lb., as combination 

One of the first nrultiple drops of 
three units also was made. It consisted 
of an M-55 gun mount, a 105mm. 
howitzer, and an Armv jeep, the total 
weight 14,500 1b. 

Twenty-fiso paratroopers made tlic 
first jumps from the C-130 after articu- 


lated dummies had been dropped. Tlie 
jumps were both free fall, where the 
jumper pulls his own rip cord, and 
static line, in whicli the chutes ate 
extracted by an anchor line in the ait- 

'Ibirty-scvcn drops were made in the 
weeks of testing, using two to six careo 
parachutes. In the case of the 27,000 
lb- dummy load of iron, dropped from 

2,000 ft., six 100-ft- cargo parachutes 
lowered the load and platform to the 
ground. The 18 A-22 containers each 
had individual parachutes. 
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RCAF began tests of Beccheraft 
Model 73 jet Mentor at Wichita, Kaiis., 
to determine whether it meets require- 
ments for Canadian primary trainer. 

Nuclear specialist has been hired by 
Temco Aircraft Cotp., to pick a field 
where company might develop nuclear 
capability. Engineer is Fred Grisak, 
former Convair senior nuclear engineer 
who was in charge of preliminary design 
of reactor Convair is testing on B-36. 

Republic F-105, christened Thunder- 
chief. is described by company as having 
sliort, \-er\- thin swept back wings and 
long cvlindrical fuselage. Intake ducts 
for turbojet engine are in wing roots. 
One-piece flying tail (stabilator) is set 
low on aft fuselage, on the underside 
of which is located a ventral tin for 
lateral stability. 

Airborne countemieasurcs equipment 
(Cl mask airplane from ground radar bv 
transmission of signal on same fre- 
quency will be manufactured by General 
Electric's Light Militare- Equipment 
Department under S43 million USAF 
contract. 

Rcgulus II missile, a supersonic, 
longer-tange version of Rcgulus surface 
to surface missile, will be built for Navv 
by Chance Vought Aircraft. Rcgulus 
!I, which h.is been flight tested success- 
fully, will be used on surface ships and 
submarines and at sliocc bases. Contract 
is for S12 million, 

Allis-Clialmcrs Manufacturing Co. 
nill build compressor rotors for J79 
turbojet engines at Terre Haute, Ind-. 
works under multi-million dollar con- 
tract with General Electric Co. 


Lockheed’s X«17 

New Oilcans-Lockheed's X-17 hyper- 
sonic test mtssile for the intercontinental 

at the Ait Force Assn, convention. First 
identified by Aviation Week (May 21. p. 
25), as a three stage missile using solid 
propellant rocket motors, the X-17 is be- 
ing used to study the "critical problems 
of bringing the intercontinental ballistic 
missile back into the earth’s atmosphere 

at Patrick AFB. 7bc test miLlle is fired 
into the ionosphere from where it 
"plunges at tremendous speeds" bock 
into the earth's atniospheie. Lockheed's 
Missile Division uses it to investigate, 
among other factors, atmospheric heating 
effects and the suitability of various 
metals. Dcfcn.se Dejiartnienl securitv 
policies prevented mention of the X-17 
designation in the speech by Brig. Gen. 
Don R. Ostrander. ARDC's assistant for 
guided missiles. 


President’s Airways Request Cut 


Washington— T'he House of Repre- 
sentatii'es. m a final action before the 
close of tlie 84th Congress, trimmed 
S23 million from the S68 million re- 
quested by President Eisenhower to 
telescope the Civil Aeronautics Ad- 
ministration's fisc-icar federal airways 
program into tlirce vears (AW Jutv 23, 
p. 40). 

Tbe Senate, after originally voting 
the full amount, later agreed to accept 
the House cut to S45 million. Presi- 
dent Eisenhower’s request for the addi- 
tional funds was made as a result of the 
mid-air collision of two airliners over 
Grand Canyon (see page 463). 

Other actions taken bv Congress in 
its rush to close the session included; 

• Talos. Congress refused to appropri- 
ate 516.4 million for construction of 
Air Force launching facilities for flic 
Talos missile, competitor in the conti- 
nental air defense role with the Armv’s 
Nike. The Army was voted approxi- 
mately 5137 million for new Nike in- 
stallations. 

• Re-equipment Financing, After pro- 
longed debate, the House recommitted 
—or. in effect, killed— legislation that 
would have pennitted subsidized air- 
lines to set aside earnings from the sale 
of equipment for the purchase of new 
equipment without basing the earnings 
deducted from their subside alloca- 
tion. 'Ilie vote to recommit was 196 to 
1 53. Tlic Senate previously had passed 
the measure by a substantial 53-to-22 

• Government Salaries. Substantial in- 
creases in executive salaries were voted 
by Congress. These included; chairman 
of Ci'’il Aeronautics Board, $20,500 
(from the present 515.000); CAB mem- 
ber, 520,000 (from 515.000); Sccrctars- 
of Defense, 525.000 (from 522,500); 
Deputy Secretary of Defense, 522.500 
(from 520,000); Assistant Secretaries of 
Defense, S20.000 (from SI 5.000); Secre- 
taries of Armv, Navv, and Air Force. 

S22.000 (from 518,000); Under Secre- 
taries and Assistant Secretaries of the 
services, S20,000 (from 515,000); 
administrator of Cis’il Aeronautics, 520,- 
000 (from 515,0001; director of Na- 


tional Advisory Committee for Aero- 
nautics, S20,0()0 (from $17,500). 

• Transportation Tax. Legislation re- 
moving the 10% airline transporFation 
tax on trasel to the Caribbean, Centra! 
.America, Alaska and Hawaii was signed 
by the President. 

• Prototype Testing. Ibe House failed 
to act on legislation, passed by the 
Senate and approved by House Com- 
merce Committee, which would au- 
thorize the Civil Aeronautics Adminis- 
tration $12.5 million for testing new 
tvpcs of coininercial aircraft, 

• Airmail Postage. The Senate Post 
Office Committee killed legislation in- 
creasing the ainnail postage rate from 

• Alaska-Hawaii Airlines. 'I'hc Presi- 
dent signed a measure requiring the 
Civil Aeronautics Board to grant per- 
manent certificates to intra-Alaska and 
intra-Hawaii airlines. 

News Digest 


BOAC will buy Boeing 707 equipped 
with British engines, industry sources 
in London report. Equipment commit- 
tee recommendation to purchase 16 may 
be cut to eight, with options for eight 
more, it is reported. 

Folland Gnat priitotypc aashed on 
test flight last week. Folland chief test 
pilot E. A. Tennant ejected safely at 

1,000 ft. altitude. Company said air- 
craft was making high-speed tun. 

First flights have been made by Bris- 
tol Britannia long fuselage 301 and 
Vickers Viscount 800, also a long fuse- 
lage model. 

Bell Aircraft Corp. stockholders voted 
to establish Helicopter Division in I't. 
Worth, Tex., as whollv owned sub- 
sidiary', Number of directors was in- 
creased from 15 to 16, and approval of 
sfock option incentive and deferred 
incentive compensation plans were ap- 
proved for key personnel. 
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Reaching into the future for a problem and 
solving It today, Cline Electric Manufacturing 
Company Is helping to make the fabulous 
world of tomorrow come true, 
Developments such as Cline's wlde- 
frequency-range Magnetic Amplifier Exciter 
Voltage Regulator and Magnetic Speed 
Positioning Devices for aircraft reflect 
Cline's ability as a leading designer and 
supplier of electrical and electronic equipment. 


Street • Chicago 32, Illinois 
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Commerce Scored for Airways Tangle 


Bv L. L, Doty 

Wasliingtou— llie Cinnmctcc Dt- 
pnrtmciit iiiid executive brancii «crc 
diiirgcci last week with sitaring clircet 
responsibility for tuchiy’s '■wocriillv in- 
adequate” navigation facilities and tlic 
"mitniodcd” U. S. air traffic control 

In a final report to Congress, the 
House Govenunent Operations Coin- 
inittee called for an end to gcncrally- 
incffcctuai ''forums'' set iij) to settle 
ariation conflicts and said |)ri)pcr air- 
ways deselopinent will come only from 
good leadcrsliip and budgetary action. 
Specifically, the report urged; 

• Speedup of studies under nay by 
I’residenti.il .-\viation Advisor I'ldnurd 
Curtis and an increase in liis ''limited” 
budget- 

• End to membership of the Civil 
.Aeronautics Board and I'edctal Com- 
mnnications Commission on the Air 
Coordinating Connnittco. The report 
also asked for a clarification of ACC’s 
role in policy-making matters and ait- 
icized the "prcdoininancc of military" 
within the ageneCs structure. 

• Settlement of the \'OR/DMK-Tacan 
impasse- "Little excuse exists for fur- 
ther procrastimitiim in this matter,” it 
declared. 

Exoeutive-Branch Failure 

lire report cliargcd tlic cxccutise 
branch uitii failing to appreciate the 
significance of civil as'iation and its re- 
quests for appropriations. 

'lire l^cparfmcnt of Commerce was 
accused of continuc-d failure since 
World A\'at II of presenting "air ade- 
quate case for firntls iieccssars' for air 
Iraflie control and airport dcvclop- 

Congre.ss was also tacitly implicated 
in charges leveled against several gos’- 
emment groups. The committee said, 
houever. that if 'there has been con- 
gressional relnctaiice to appropriate, it 
is due in large measure to the timidity 
of the cxcentis'c branch in stating its 
icqiiircinents." 

During the hearings. Charles l.owcn, 
Cis'il .Aeronautics .Administrator, first 
suggested that the C.A.A five-ye,ir plan 
for traffic control could be '’telescoped'' 
into three vears- Hits «us later con- 
finned bv Commerce Secretary Sinclair 
Weeks. Later, |)roinpted by the mid-air 
collision oscr Grand Canyon on June 
30, President Eisenhosser requested an 
additional 568.000,000 to help ac- 
celerate the program. 

I'inal action on the Presidential re- 
quest took some of the sting from the 
report’s criticism of the Commerce De- 


parhnent. Commerce Under Secretary 
Louis Rothschild firmly supported the 
S68-miltion reqircst and drew strong 
backing from the Serrate. However, 
cconoiny-niindcd members of tlic House 
trimmed the measure to $-15 million 
doting the closing hours of the 84th 
Congress. The Senate went along with 
the cut in the rush wind-up (sec page 
459). 

The report based its criticism on past 
historv and specificalli npoit the C.AA 
rcquck for S41.5 million for its Fiscal 
1956 aiqjorts program. This was 
cho|3pod to S31 million by tlie Com- 
merce Dcmrrfmcut. The Burciut of the 
Budget, "fonowing.” the report said, "its 
usual pattern,” slashed the amount to 
Sll inilliou. Congrcs.s restored the cut 
to S20 million. 

Reorganization Demanded 

Presidential Adi’isor Edward Curtis 
drew the whoic-hcarted support of tlic 
committee. The report, however, ex- 
pressed concern over the small amount 
allotcd to the Curti.s project for iniprin’- 
ing airwais facilities. 

‘Tt is difficult to concciic," tlic re- 
port said, "how with a budget of $150.- 
000 and a permanent professionai staff 
of three, Mr. Curtis can attain his goal 
witli expedition.” 

I'lic report did not recommend tliat 
"speed be sniistitutcd for tlioroughncss ' 


but emphasized that the Curtis stiidv 
"can and should be quickened” with 
additional money and a larger .staff. It 
named tliat "tlie nation can ill afford to 
exintinnc the current aviation organiza- 
tional muddle.” 

ill this respect, the report called for 
a drastic reorganization of executive- 
branch agencies concerned n ith ai iation. 
lb continue «ith the present federal 
structure in aviation, it said, "svould 
mark Mr. Curtis’ study as a futile 
effort," the report said- 

I'hc report also concluded that CAB, 
tlitough its membership in tlic Air 
Coordinating Coniniittcc, is bound to 
decisions and tccomnicndations by the 
ACC and thus loses its quasi-judicial, 
quasi-lcgislatii'c regulator status. Since 
ACC has no statuton' authority to make 
decisions, the report said, tlie CAB 
membership and that of the KCC ''tc|)- 
resents a flagrant flouting of the will of 
Congress.” 

The committee demanded clarifica- 
tion of the autlioritv of the ACC to 
make it clear that the agency has no 
control os cr matters “in which Congress 
lias vested authority clscnlicre.” CAA, 
it was noted, has a Congressional grant 
to control the use of airspace and no 
such powers liaie been delegated to any 
other agcncs' of the goicrnmait. 'Ilie 
report warned that an cxecutiic order, 
such as that which established ACC, 
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The emphasis is shifting 


It used to be that you would design 
an airframe for payload — and pro- 
vide minimum required instrumen- 
tation. 

The emphasis is shifting. 

In this new age of electronic mis- 
sile guidance and identification, the 
chicken is now the egg and the cart 
pulls the horse. Instrumentation 


comes first — after which a mobile 
container is designed that will carry 
it with greatest efficiency. 

This shift finds the sturdy shoul- 
ders of Stewart-Wamer Electronics 
braced for the greater load. Stewart- 
Warner has pioneered in electronics 
for thirty years. Today, S-W Elec- 
tronics is pioneering in the strato- 
spheric electronics of tomorrow. 


hlilljLU 

SOlElECTROniCS 

lin:l:llll.l a Divliign >F Slgwort-Wnnar Csrp. 
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“must not be used to nullify congres- 
sional enactment." 

W'liile no recommendations were 
made on the organizational structures 
of ACC and the Air Navigational Board, 
the rc|jort criticized the “predominance 
of the military services" in both groups. 

Surprise was expressed that the Cisil 
Aeronautics Administration is not a 
member of either body while the De- 
fense Department and the three mili- 
tary services arc represented on both. 
“Tliis conflicts with our tradition of 
vesting final authority in civil, rather 
than military officials.” 

Taean Dispute 

Tlic VOR/DME-Tacan dispute was 
cited as an example of the lack of plan- 
ning and direction of aviation problems 
within tlie federal government. The re- 
port said "saluablc time already lost 
can never be recaptured," and that the 
controversy siiould be settled witliin the 
30 to -fO days after August 20 as prom- 
ised by Rothschild. 

The licarings, which began June 25, 
were conducted bv the House Govern- 
ment Operations Subcommittee headed 
by Rep. Robert Mollohan Va.l. 

CAB Begins Hearings 
On Mid-Air Collision 

'%'ashington— Public hearings on the 
Trans World Airlines-Unifcd Air Lines 
Grand Canyon crash began in Washing- 
ton last week with the introduction of 
ts\o surprise witnesses who said thev 
saw tlie TWA Super Constellation and 
United DC-7 collide on June 30. 

Tlie t«’o witnesses, Mr, and Nfrs, 
Eugene J. Siefer. told Cis il Actonaufics 
Board iinestigators they saw txso air- 
liners collide in the Grand Canyon area 
while they were driving on U, S. High- 
was- 66 nkr Flagstaff, Ariz.. en route to 
California from their home in Ottasm, 
Ohio, 

The Siefers waited until their return 
from their California sacafion on July 
10 before they contacted the CAB 
through tlic editor of the Putnam 
County Standard, 

Botli witnesses said the two airplanes, 
which Mr. Siefer identified as Constella- 
tion and DC-7 types, appeared in a 
break between two large cloud forma- 
tions on converging courses. Tlicy said 
the airplanes collided, then remained 
joined together as they continued in 
level flight until obscured from s iew bv 
a mountain. 

Siefer said the airplanes were in s iew 
less than ten seconds, and that he saw 
no smoke, flames or debris after thev 
came togethet. 'ITie witness testified 
that the two planes continued to fls to 
the cast after they collided "just like 
they stuck togetlict." 



greater grip tolerance 
higher strength 

• meets MlL-F-8490 . . . 

• positive mechanical lock (not a 
spring) ... 

• higher strength universal grip 
range, essentially a nut-boll 
combination . . . 

• offers more cost-saving, superior- 
performance advantages^C^^.*^ 


Pachmayr 
quarter-turn 
universal 
grip range 
fastener 


Only Pachmayr 
gives you 

positive lock 




CO R P O R ATIOn 

fastener division 
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Washington Alternate 
At Baltimore Studied 

Wailiington— TliO Civil Aeronautics 
Board has laiinclied an inscstigation to 
determine whether a portion of Wash- 
ington's air traffic should he diverted 
to Baltimore’s Friendship International 
Airport to relieve ait traffic congestion 
at Washington National Airport. 

'I'he CAB will decide whether \\'ash- 
ington now has adequate airline service 
and wliether Friendship should be 
designated alternate or co-terminal witli 
W'ashington National Airport. 

The C.AB investigation was begun 
after Congress tefu.scd to appropriate 
funds to start construction on an alter- 
nate Washington airport at Burke, Va. 
Sccrctarv of Commerce Sinclair Wrecks 
asked tire Board to consider diverting 
some \Vashington traffic to the Balti- 
more airport until new airport facilities 
arc cstab'li.shcd at W ashington. 

The administration asked Congress 
to approve a last minute million 
appropriation to revive the Burke proj- 
ect which has been dormant since 1950. 
Tire Senate Appropriations Coininittcc 
refused to approve the project and 
decided to set up a subcommittee to 
stndv it for possible action ne.vt spring. 

Airlines Report 
Big Profit Gains 

h'our airlines have issued first half 
financial reports which described sub- 
stantial increases in traffic and profit. 
Ihe reports came on the heels of an 
investment firm report calling attention 
to the favorable market dcvclopmcnt.s 
in the airline field (.AW Julv 30, p- -II)- 

• United Airlines, Record' traffic and 

revenues gave United the highest earn- 
ings for any six-month period of its 
history— SS-2 million after taxes, or 
SI. 64 a share. It was a 23% increase 
over the first half of 1955 in which 
earnings of S4.2 million or SI .52 a 
share w ere reported. 

Total traffic increased 14% and rev- 
enue passenger tr.iffic of 3,063.000 was a 
gain of 16%. both compared to the 
1955 period- Operating revenues for 
the first six months were S126 million, 
.and operating expenses were S115 mil- 
lion. each figure repre-senting a 13% 
increase. First half fcder.il and stite 
income taxes were S6.1 million. Further 
traffic volume gains were predicted by 
W'. .A. Patterson. United president. 

• Continental .Airlines net income in- 
creased 212%, from S157.869 for the 
first six months of 1955 to S493.218 
for the first half this v-car. live earnings 
per share increase was from 33 cents to 
$1.04, 

Operating revenues total $9 million, 
a 25% increase of the S7.2 million for 
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the first half of 1955. Operating ex- 
penses were S8.4 million, a 22% in- 
crease over the 56.8 million for the first 
half of 1955. 

Continental extended until late Sep- 
tember its option to purchase five Vis- 
count 810/840 turbo-prop transports in 
addition to the 1 5 it has ordered aircadv . 
Purchase of the five additional planes 
depends on Continental’s route appli- 
cations to serve Phoenix, Ari/... Palm 
Springs and San Diego, Calif., and San 
Franeisco-Oakland and Dallas-Ft. Worth 
non-stop, and via cities in Nevada. .Ari- 
zona, New Mexico and Texas. 

• Slick Airways Inc. reported a net in- 
aime of 5406.000 after faxes, ctpial to 
48 cents a sh.ire. The carrier lost 5531,- 
000 after recovery of prior year taxes 

Gross revenues for the first lialf of 
1956 were SlO.l million. Last vear they 
were S4.6 million. Slick canied 37.569.- 
000 ton-miles of freight and pa.sscngcrs, 
a 75% increase over the first halt of 
1955. Militarv. contract and charter 
operations increased tmffie 440%. 

• American Airlines net earnings for 
the first six months of 1956 totaled 

59.739.000 exclusive of profit from air- 
craft salts, the airline has reported. An 
additional 5932,000 profit from the sale 
of aircraft brought the total net to 
510.671.000- 

Last vear's total net for the com- 
parable period was 58.537.000. 

During the 1956 period. American 
carried 3.814.302 jiassengers a total of 

2.343.933.000 passenger miles, an in- 
CEca.se of about 13.5% over last year’s 
passenger-mile total. Air freight for the 
1956 period totaled 31,914,000 ton 
miles, an increase of 1.6%. 

Rcvcnucs for the first half of 1956 
reached 5140,139.000, np 12.2% over 
1955. 



the challenge 
of the 

unknown 


■Watch the sky! 

Within months, Martin will open a new 
chapter in world history with the launching of 


CAB Fare Review Is 
Limited toTrunk Lines 


the first of a series of earth satellites. 

If you are interested in the challenge of the 


Washington— The Civil Aeronautics 
Board last week rejected airline propos- 
als to expand the Gener.il Passenger 
Fare Investigation and will limit its irv- 
vostigation to a review of the general 
level of tnink airline passenger fares. 

A CAB order limited the issues in the 
ease in an effort to hold down the size 
of the investigation and complete it by 
next summer. Local airlines will be per- 
mitted to intervene in the case, but their 
fares will not be under review. 

The purpose of the investigation, ac- 
cording to the CAB, is to explore the 
level of earnings of each of the 12 trank 
airlines to determine whetlier the trav- 
eling public is being charged too much 
or too little. If the CAB decides fares 
should be changed, it will take across- 
the-board action to bring the general 


unknown, remember this: 

No other engineering group in the world will 
learn more, sooner, about this final frontier of 
scientific e.xploration. 

If you think you’d like to go along, contact J. 
M. Hollyday, Dept. AW-08, The Martin Com- 
pany, Baltimore 3, Maryland. 
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DESIGN & DEVELOPMENT ENGINEERS 


NEW 

6E T-58 TURBOSHAFT 


1 . Controls t Accessories 
a. Compressor 
a. Combustor 
a. Turbine 
8. Gears 

O n 


POSITIONS EXIST for a few engineers with 2 or more 
years’ experience and mature engineering judgment to work 
on the design and development of low-weight, high-power 
power plants for aircraft. 

If interested, write Mr. T. S. Woerz 
SMALU AIRCRAFT ENOINB DEPARTMENT 


A message to men able to advance the state of the art in 
small Turboprop, Turboshaft & Turbojet aircraft engines 


t;ire level in line with a reasonable level 

llio general fare investigation was 
ordered as the result of mounting pres- 
sure from Congress, llie Board decided 
to study the general les'e! of trunkline 
fares, but interested parties were given 
a chance to comment on the issues in 
the case (AW June 18. p, 32). 

The airlines argued that the case 
sliould he expanded t(3 include various 
issues. Primarih’, the carriers wanted the 
CAB to look into the economics of 
the fate structure, including the differ- 
ences between short-haul and long-haul 
charges. 

Tnc C.^B decided to stick with its 
original plans for a limited investigation, 
but said it might go into the problems 
of the fate structure after the general 
:c3cmic situation has been studied- 

CAB Asks Suspension 
Of Four Irregulars 

M'ashington— SusjJcnsion of the oper- 
ating authoritv of tout Large Irregular 
Carriers inr oKed in the Trans Ameri- 
c.m Airlines combine has been requested 
b\’ the Ci' il .Aeronautics Board Office of 
Compliance. 

The Compliance Office said tire car- 
riers should be suspended for continued 
violations of a CAB order issued in 
Julv, 1935, which ordered noiischeduled 
airlines to stop operating a frequent or 
regular scrs-ice. 

The 1953 CAB decision resoked the 
airlines’ operating authority and ordered 
tiicni to cease and desist from operating 
frequent or regular service cither to- 
gether or indi'idually. The Court of 
Appeals later staved the Board’s order, 
except for the portion prohibiting indi- 
vidual regular sersiccs. 

Now the Office of Compliance finds 
tliat the nonscheduled airlines-Trans 
American Airways. Twentieth Century 
.Airlines, Trans National Airlines and 
Hemisphere Air Transport— have oper- 
ated frequent and regular service as in- 
dividuals in siolation of the CAB order 
during the last quarter of 1955 and the 
first half of 1956. 

CAB Borrows B-57 
For High-Altitude Study 

M'ashington— The Civil Aeronautics 
Administration will receive a Martin 
B-57 jet bomber from the US.AF some- 
time this month to help in its study 
of high-altitude ait traffic control. 

’I’he B-57. wliicli will be specially 
instrumented at the C.AA Aeronauti- 
cal Center at Oklahoma City, will be 
placed in operation around Oct. 1. It 
will he used to esaluatc the effective- 
ness of navigation aids, communica- 
tions equipment, radar and traffic- 
control procedures above 1 5.000 ft. 
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EM(3 1 N E E R S 

Be certain you 

MAKE THE J(I6HT CHOICE! 
HAVE THE KIGHT JOB! 

s 


ASK YOURSELF THESE QUESTIONS 
-IT WILL PAY YOU. 


CHALLENGING 
OPPORTUNITIES IN 


AVIONICS 

INERTIAL SYSTEMS 

COMPUTERS 
(Digital and Analog) 

MISSILE GUIDANCE 

JET ENGINE 
FUEL CONTROLS 


AC ELECTRONICS 



Whether a Recent Groduole making his first choice or a veteran Engineer 
seeking that permanently RIGHT position, ask yourself the following questions: 

MY TALENTS ARE BEST SUITED FOR? 

Engineers come all sizes, shapes and potentials. G.M.'s policy of 
deceniralization creates individual opportunity for development 

STARTING WAGE? POTENTIAL EARNINGS? 

Ai G.M. these two questions are best answered by another 
question— “How high is up.’" Earnings both present and future 
are entirely dependent upon you. At AC you determine your 
earnings. 

PERMANENCY Of POSITION WITH AC? 

AC has been designated the official ELECTRONICS DIVISION 
for a/i General Motors Divisions. VPe are permanently dedicated 
to the research, development and manufacture of things 
Electronic . , . making America so it's safer and better. 

RESEARCH FACILITIES? 

At AC you enjoy working with the latest and the finest of 
equipment and with the top men in the field. 

LIVING CONDITIONS? 

Are the finest possible in Milwaukee, America's most progressive 
town combining big town cultural and civic advantages with 
small town hospitaliiy. “An ideal town for ideal family living,” 

WHAT CAN AC DO FOR ME? 

IP'r/fe US in strictest confidetice . . . you tuill hear from us by return mail. 
Send us the coupon below . . . YOUR FUTURE DEPENDS UPON IT. 


AC The Elecirooics Diviiion 

General Motors Corporation, Milwaukee 2, Wii. 

Send me full portieulori obou' AC ENGINEERING OPPORTUNinES 

□ So you ran better “tailor make" your offer to me I have 
education and/or work experience. 

□ I will send ii at a later date. 


Name . 
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f N 

Aero- 

dynamicist... 

ton 0,500 

in this 

stimulating 

missile 

test 

work 

You will be challenged 
by the problems 
involved in analysis of 
long range missile 
performance from data 
acquired through 
external and internal 
instrumentation. 

Master's degree plus 
courses in theoretical 
aerodynamics, trajectory 
analysis, advanced 
calculus and theory 
of flight. 

Join a scientific team 
at top level in this 
unprecedented work 
with a world leader 
in electronics. Ideal 
living conditions on 
Florida's Central 
East Coast. 


Ta arrange confldanlial 
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He makes 


a daily trip 
to tomorrow 


This man is a creative engineer. Like other young men, 
he is interested in baseball, talks about taxes, is proud 
of his kids. But there’s something different about this 
particular young man. He's a Goodyear Aircraft engi- 
neer. And, each doy when he passes through this door, 
he leaves behind the world known to his friends and 
neighbors and crosses the threshold of tomorrow. 

Of course “tomorrow” is not new to aviation engineers. 
For the whole industry is on the threshold of spectacular 
things to come. But, here again, there’s something dif- 
ferent about this particular door. Behind it lie many 
unique and exciting avenues of endeavor— airships, elec- 
tronics, plastics, missiles, structures and many more- 
examples of diversification rarely found under one roof. 
And this man, like all Goodyear Aircraft engineers. 


guides himself along his chosen path utilizing the most 
modern facilities available to put his own ideas to work. 
For here individual thought and expression are encour- 
aged. Ideas are a prime commodity and every one gets 
a chance to mature. Here engineers, in transforming 
their own ideas into practical realities, find the stimula- 
tion of creative challenge and the satisfaction of realistic 
accomplishment. 

If you are a creative engineer with faith in your ideas 
and confidence in your ability to make them work, 
there’s a challenging career waiting for you at Goodyear 
Aircraft, Our growth and diversification demand expan- 
sion of our engineering staffs at both Akron, Ohio, and 
Litchfield Park, Arizona. Opportunities are unlimited 
for creative engineers in all specialties. 

Salaries and benefits are, of course, liberal, And if you 
wish to continue your academic studies, company-paid 
tuition courses leading to advanced degrees are avail- 
able at nearby colleges. 

For further information on your career opportunities at 
Goodyear Aircraft, write: Mr. C. G. Jones, Personnel 
Dept., Goodyear Aircraft Corporation, Akron 15, Ohio. 


T/te/re doing big things at 

good/year aircraft 

THE TEAM TO TEAM WITH in AERONAUTICS 
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TREMENDOUS, NEW FIELD OF OPPORTUNITY 



NUCLEAR AIRCRAFT DESIGN AND DEVELOPMENT 


Convair in San Diego offers challenging and 
very rewarding positions to engineers and scien- 
tists in the long-range program of des elopment 
of niiclt'or powered aircraft for the U. S. Navy. 

Graduate Mechanical, Civil, Marine, Chemi- 
cal Engineers, Physicists and Naval Architects 
without aircraft experience are invited to join 
the important program of construction and 
operation of nuclear development facilities 
and operational and handling concepts. 


, Aerodynamic, Dynamic, Hydrodynamic, 
Nuclear, Propulsion Engineers and Aircraft 
Designers will enjoy tremendous growth 
potential at all e.xperience levels through par- 
ticipation in the design and development of 

NUCLEAR POWERED AIRCRAFT. 

To join tilis nciu team within our engineer’s 
engineering department, write at once. Address 
resume to H. T. Brooks, Engineering Person- 
nel, Dept. 120 



3302 PACIFIC HIGHWAY • SAN DIEGO. CALIFORNIA 



EMPLOYMENT OPPORTUNITIES 



SMgineet yout future.. With Vertoll 



"VERTOL OFFERS 
Exciting Challenges and 
Unusual Opportunities in a 
New Field of Aviation.” 


In addition to superb facilities for use by their exceptionally high 
level engineering staff, VERTOL has a FUTURE unlike any other 
in the industry ... it is tied to BOTH long-range military and 
commercial aircraft research programs designed to accomplish 
great things in the comparatively new field of Vertical Take-Off 
and Landing Aircraft. 

Interested? Well, you should be . . . for big things ARE happening 
here at VERTOL nowl Enough, in fact, to warrant a steady, 
persona) growth to those with the foresight to look to the future, 

IMy not imiestigatc 

the engineering openings now amilable in 

DESIGN • POWER PLANT INSTALLATION • AERODYNAMICS • INSTRU- 
MENTATION • TESTING (FLIGHT AND STRUCTURE) • EQUIPMENT 
VIBRATION • STRESS ANALYSIS • TRANSMISSIONS • AIRFRAMES 


Send your resume to FRANK COE, Mgr. Personnel Eng/neerJug 



MORTON, PENNSYLVANIA 


Technical 
Research , 
Group 


Senior Level Openings 

Microwaves 
Solid State Physics 
Radar Systems 
Reactor Shielding 

Severol positions ore open 
In Teehnieal Reseorcb Group's 
permanent staff. Ouoiifietf 
scientists con choose fiom 
among present programs on 
radar systems and compo- 
nents, nucieor resonance, elec- 
fro-mognetic theory, nuclear 

shielding. These and other 
programs of stuefy and de- 
fied work. 

Directed and owned entirely 
by men with scientific training, 
TRG offers its services to in- 
dustry and the government. 
Organized In I9S3, TRG now 
hos a full time technical staff 
of about fifty, one-third of 
whom are at the PhD level. 

TRG's offices, (ofaorofories, 
ond shop ore centrally lo- 
cated in New York City. 
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EHPIHCEDC l-fVE BETTER AND ACHIEVE 

EliUlliEEnD 


Solar offers challenging opportunities 
for engineers in the fields of 
gas turbine engines, airborne controls 
and advanced aircraft and 
missile components 


THREE GREAT ADVANTAGES are 

yours when you join Sol.ir’s 
Engineering Division. You'll 
live in attractive San Diego. 
You’ll work on advanced 
development and production 
projects that will utilize your 
best abilities. And you’ll be 
working for a medium-size 
company— one where you get 
broader engineering experience 
than in larger firms, and where 
achievement is given quick 
recognition. 

Solar's enlightened personnel 
policies provide a complete 
range of liberal benefits, includ- 
ing a profit sharing retirement 


plan. The Engineering Division 
has never terminated an engi- 
neer for lack of work- Extremely 
low turnover shosvs tliat engi- 
neers like Solar as a place to 
settle down for long range 

We’d like to tell you more 
about working for Solar, and 
living in San Diego. If you’re 
looking for an exceptional 
opportunity, please send a brief 
outline of your qualifications, 
including educational back- 
ground. to Dale A. Cobb, Dept. 
E-105, Solar Aircraft Company, 
2200 Pacific Highway, San 
Diego 12, California. 



SOLAR 

AIRCRAFT COMPAI 



DES MOINES 


OESIBNERS, DEVELOPERS IND lUNUFRCTURERS • 6 «S TlIRSINES ■ RIRCRAFT AND MISSILE COMPONENTS • SEUOWS • CONTROLS • COATINGS • METAL AllOT PRODUCTS 
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REPUBLIC KNOWS HOW 
TO FIT AN ENGINEER 
WITH AN OPPORTUNITY 


. . . how to select an advanced aircraft assignment 
that utilizes an individual engineer’s 
professional know-how and creative talents 
to the best advantage of the man and the company 




Aerodynamics • Systems • Propulsion • Operations Research • Dynamics 

• Stress • Controls • Electronics • Staff Engineering • Electromechanics • 
Flight Test ' Research • Thermodynamics • Flutter & Vibrations • Weights 

• Weapons Systems Analysis • Servo • Airframe & Mechanical Design • 
Analog Computers • Antennae • Controls Systems • Instrumentation 


An impDrUnt adjunct to a Republic job islili 
PUait adJreiseompUli 


d€lc 


i. fabulous playground of the East Coast. 

0 / your Icchricol bjrijraund lo: 




AIRCRAFT; 

Eiigineerirtg Pertortnel il/BJiapci- 
Mr. D. G. Reid 
FarmhigdaU. Long hland, N. Y. 


Hicksville. Long Island, N. Y. 
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With your ideas and experience in electron 
one you feel the need for a stimulating and v: 
with real promise for the future. 




■, Philco has one of the most liberal profit- 
^ment and insurance programs in all industry. 


ly Profesi 


al Society Chapter] 


Long Range Industrial and Diverse Military Engineering Fields 

• Guided MNiilee • Radar • TRANSAC Digilol Campulert • Underwater Ordnance • Bombing ond Fire 
Control Systems • Servo-Mechanisms • Microwave Communicollen Syslems • Infra-Red Devices • 
Transistor Circuit Application • Multiplex Equipment • Television Relay Syslems • Industrie! TV • Color 
Broadcast Equipment • Forword Scolter Communicolions • Fire Control Systems • REDAP 


Barite, Phone Collect, or Apply in person to John P. Morrissey 
. , . Your Inquiry will be held in Strictest Confidence 

PHILCO CORPORATION 

q OVERNMENT AND 
NDUSTRIAL DIVISION 



PHILADELPHIA 44 
PENNSYLVANIA 







COMBUSTION AND mmt 
PROPULSION RESEARCH 
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CONTINENTAL 


OFFERS YOU A WIDE FIELD EOR SPECIALIZATION 

Steady exponsion of both research and production fodlilies at 
Continental Aviation & Engineering Corporation creates an in- 
creasing demand for qualified engineering personnel. Liberal 
salary benefits and a wide ronge of proiect activities on all 
phases of reciprocating and turbine engine development are yours 
when you join the Continental staff. ... If you hold a degree in 
engineering, physics or mathematics, contact CAE at the address 
below and investigate the opportunities that con be yours. 


PROPULSION 

AERODYNAMICIST 


eluding nn 8-Et. high-speed suE>- 


Applicants should have 
lorough background in the fun- 
unentsls oT jet propulsion, five 


For luTlhtr intormation contact 
Mr. H. W. Miller 
Hesesreh Depsrtnient 
United Aircraft Doipotation 
East Hartford 8, Conn. 



TEAM UP WITH ALUED RESEARCH 

If you’re intent on using your head to unlock the door to success, do it the easy 
way. Team up with ALLIED RESEARCH, and latch on to a young and 
growing group where there arc plenty of opportunities for key men to dick. 
Write today to D. J. Fink. 

ALLIED RESEARCH ASSOCIATES, INC. 

43 Leon Sired Boston, Mass. 
Oppertunitles in these expanding fields: Theorelkol and o/tplicd acrodj'namics • Staiidly 
and eonirol • Aendaslitily • Thermt-elaslkilji • P'iirations analysis • Applied meeli 
Aircra]! and guided missile studies • Weapons cSects • High temperature physiet • Spedroseopy 
Insiramenlation • Radiation ttansjer 


TECHNICAL CAREER CONSULTANTS 
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• Planned progress is the key to success for an individua 
as a business. 

• Here at BURROUGHS wc know where we are going . . . our 
course is charted and, like such advanced Irtoreontincntai Ballistic Missiles 
as ATLAS and TITAN, wc too are on the way up! 

More than 1,300 people and in excess oj 200,000 
square led of uorhinn space in our three centers, located 
in the Paoli area, testify to our progress since 19-51. 

• If YOU arc an Engineer or Phy.sicist ... ON THE WAY UP , . . 
why not make the ascent with us in the creation and development of the 
advanced new computer techniques which will be required to control the 
course, speed and altitude of such Intercontinental Ballistic Missiles as 
ATLAS and TITAN as they arc piopclled out into space beyond the earth's 
atmosphere? 

D Sage . . . IRBM . . . ICBM . . . are just a few of the many 
government projects under way at BURROUGHS RESEARCH CENTER 
where, and equally important, untold time and creative effort is also being 
spent by our scientists on new and bt'ttcr way.s to improve the business 
machines which have given BURROUGHS the right to use the slogan: 

THE Fore most Name IN COM PUTATION 

To Meef Tomorrow’s Challenges Today 

Banou^h Invifes In^ait'ies horn Jhose Qualified As: 

• ELECTRICAL ENGINEERS • ELECTROMECHANICAL ENGINEERS 

• MECHANICAL ENGINEERS • MECHANICAL DESIGN ENGINEERS 

• MATHEMATICIANS • PHYSICISTS 




Write or Telephone M. E. JENKINS/ Placement Manager 


© 




Neat Nkiofk Valleji Fot^e 


R W c B c 


Pooh 


NTm 

3500 




Ctssna's conlinuous plamttd ixpatision provides greeter 
potentiel for security in your future es sn eiperienced engineer 
Commerciel evlatloir's "New Concept" ... Business Flying, 
offers new horiions (or the engineer at Cessna. A tialence ot 
military and commercial projects provide drversificaton 
Of assignments and unlimited opportunities for advancement 
and recognition, join Cessna and grow with Cessna. 

SteucrurttS OISItIUnS-Arsicnitenti k 

rr« Vkfiiflit viruosd uvver wos'wu 




Cessna, m 


ENGINEERS: 

• air-borne system engineers 

• project engineers on small rotating equipment 

• instrument designers 

Work with a recognized industry leader . , . expanding Avionic 
Division Creates opportunities . . . complete engineering, labora- 
tory and production facilities. 

We need men who want to get ahead on their own merits . . . 
who ate willing to do a jd> , . . and be rewarded accordingly. 

You'll like Racine . . . our plant overlooks beautiful Lake 
Michigan . , , it's just one hour to Chicago . . . and convenient 
to Wisconsin's famous North Woods lak« and resorts. 

Let's get acouainted. \bu are invited to write the Director of 
Industrial Relations today. All communications ace strictly 



AERONAUTICAL ENGINEER 


FORMATION co 


r$ CMPLOTMENT AOENCT — 




POSiriOWS VACAWT 


ngu. Empire 4-13 






POSITIONS WAWTfP 


Interested iii ^wltii 
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EMPLOYMENT OPPORTUNITIES 


HERE'S WHAT YOU CAN 
LOOK FORWARD TO AS A . 

FLIGHT ENGINEER 

WITH 



A Career with a Future 
Retirement Plan 
Annuai Sick Leave 
Paid Vacation 
Group insurance 
Liberal Free Transporta* 


a TWA night 
1330 per inomh 
ilh as a night 


60 houi 


)f flight pi 


of 23 to 35; normally 5'7” to 6'2" inclusive; 
high school dipIoBui or oquivalenl; pass CAA 
Gass II physical (no waivers) . Technical quali* 
ficalions include: Broad A3E experience and 
must have CAA A&E Licenses before entering 

flight engineer. 

" re's a wonderful future wailing for you with 
TWA. Write today to Mr. R. Paul Day, 
Employment Manager. 

TRANS WORLD AIRLINES 

MUNICfPAl AlflPOftT 
KANSAS CITY, MO. 


BNeiNtERS 


a////ou/fces 

INERTIAL NAVIGATION 

firoffmm /or m a^oa^ceef Air Jorce m'ssi/e 

Inertial Navlaation otren the mo»t ndvanceS concept in auldance, 

Wnd dfreclien once the ultimate de»inatlon Is aelccted. It effera 


While the principles ar 


c, the lealloatlon involve! at 


£«ai,.ei 


Systems Evaluation 
fiyroscopics 

.,.n.v*...vy COmpUteiS 

the auldance of advanced miislle Acceleromelers 
Telemetry 
Guidance Systems 
Reliability 
StabillilngGevIces 
Servomechanisms 
Automatic Controls 
sttmetive. ARUA Thermodynamics 

: at premium rates Environmental 
s miaaile prosram. RejeafCll 



SPECIAL SERVICES 

TO THE 

AVIATION INDUSTRY 


OVERHAUL a 
I MAINTENANCE 


Remmert- 

Werner 

St. Louis Florida Toledo 


Lodestar DC 3 Beech 


PARTS & SUPPLIES 


NAVCO 


“oc-i 1 .odui’Xr‘'ieich 


^COWIilE CTORS 

BENDIX CANNON IPC WINCHESTER 

HrROLD H. PGwLl CO. 


SALES REPRESENTATIVES 




SALES-ENGINECRINS REPRESENTATIVES 


New Advertisements 

received by August lOtb will 
appear in the August 20th issue 
subject to limitations oi space 
available, 
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EMPLOYMENT OPPORTUNITIES 


SEARCHLIGHT 

SECTION 


SAIE 

TWIN-BONANZA 

IBA5£ 


AUANTIC AVIATION CORP. 




^AJRPLANES WANTED 

Vest Aircraft Co.'s Skyraneh 


WANTED 

CONVAIR 240 or 340 


SPARKPLUGS WANTED 

RADIO S ELECTRONICS SURPLUS 


IS AIRCRAFT CORPORATION 


engineers . . . physicists 


opporttihHjes at 


MotoKofa in RiVe-rside. 



wonK ,n A VACATIONIANO 

(your family will love year-round outdoor living) 

WHILE YOU ADVANOE YOUR CAREER 

This new Motorola Research Laboratory is expanding- 
creating outstanding career opportunities for engineers, 

related to guided missiles and weapons systems. You'll 
enjoy working in air conditioned comfort and well instru- 
mented laboratories . . . with liberal employee benefits, 
includirig an attractive profit sharing plan. 

with modern shopping centers, advanced schools, and many 
fine buys in homes avallabie (moving and travelling expenses 
paid for family). Living will be easier and more fun In River- 






Excellent opportunities in PHOCNIX and CHICAGO 


OPENINGS 
tiacirenic Inslneap! 

IN PHOENIX 

OPENINGS IN CHICAGO 

ilgS" 


Radar ond Mllilopy agulpmani, 
Talavltlan (Calar), Radio Eaelnaar- 
ing and FItId Enelno'lng- 

transitlor ApfUInrilana 

FRraiJ'po.UiZ.R^U.: 

M l' 1 w 

MAC.^Co-Itar 


•in< 1 

Phaanla. Aria. ' 


Chlcaa. si. Ml. 



MOTOROLA 
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SEARCHLtGHT SECTION 


MARTIN 202 



FOR LEASE 



PIONEER AERONAUTICAL SERVICES 



PRATI & WHITNEY 

1830-92 ENGINES 




CONSTELLATION 

SPARES 

AVAILABLE 




for sale 

De Havilland 

DOVE 



ENGINE WORKS 


Goose G21A 






SEARCHLIGHT SECTION 



Attractively Priced 

EXECUTIVE 


WRIGHT- P6tW 

DE HAVILLAND DOVE 


ENGINES & PARTS 

condlilon by lull time mechanic wbo 
bos always (ravelled »>lb ship. 

Series DK-104-6A 


R1820 

Gypsy Queen 70 MK 2 


R 1 830 



R2600 



R2R00 

0?'mes‘‘K!’J'in"'‘6«ro'‘n 


R3350 

Fully^ mudified la rurren. predusMen 


S°pecigiry*‘buiir «wLfssa”,’ - 

H M n S Ik II D * 3 Vineland Avenue, 


pC"wr"or‘'' 


(/'i •CHPoiiumi 




HUIei— Model VH-12b. Very law air- 
Partael CoadKioa. 

EAST COAST AVIATION CORPORA'nON 

"Take a Heading tor Reading" 

I Tor the BEST MAiNTiNANCf • OVEBHAUL • MOD/FICAnON • INSTALLATION 
READING AVIATION SERVICE, INC. 
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AIRPORT AND BUSINESS 
FLYING DIRECTORY 


Get your FREE Aeronautical 
Planning Chart of the V.S. 


AVIATION WEEK offers 
this valuable U.S. Coast and Geodetic 
cross country flying aid Um 
with your copy of 
the HEW AIRPORT AND 
BUSINESS FLYING DIRECTORY 


ANNOUNCING 

THE ALL NEW 1956-1957 AIRPORT AND BUSINESS FLYING DIRECTORY 
Just off the press ... on accurate and detailed 276 page handbook of 
thousands of business flying’s vital facts and figures. 


This business flying hondbook hos been designed lo meet the need expressed in your 
letters end personal interviews for o ready reference of the loiest full-scole inforniation 
oboot business flying and oirport facilities . . . only $4.00. (We will bill your company 
if desired). LAST YEAR MANY ORDERS WERE UNflUED DUE TO EARLY "SELL OUT." 
EE SURE YOU GET YOURS. . . . FILL OUT COUPON AND MAIL IT NOW. 


FEATURES: 

EDITOR'S REPORT: Including the latest tcchnieel and 
business developments along with a forecast of future 

EQUIPMENT; Pictures, detailed descriptions and specifi- 
cations of new aircraft and engines. 

AIRCRATT CONVERSION: Includes a 2-page specifications 
table, especially compiled by the editors, lists the major con- 
version centers, technical data on the business-liners they 
produce, the number flying and current prices. 

AIRPORTS AND FACIU’nES; S.OOO up-to-date airport list- 
ings and thousands of airport and flight facts are provided 
including locations, number and type of runways, lighting 
and fleld markings, approach obstructions, radio and weather 
facilities, repair and hangar facilities, out-of-state fuel taxes, 
restaurant and overnight service, etc. 

CAA, TRATPIC, WEATHER, COMMUNICATIONS INTOH- 
MATION: Maps of CAA regions and offices, air defense iden- 
tifications zones, U,S. Weather Bureau information and office 
phone numbers. 


AIRPORT AND RUSINESS FLYING OIREaORy 
330 Wail 42nd Slieel, New York 3«, N. V. 

Plaoia land ny copy of lha AIRPORT AND BUSINESS PLYING 
DIRECTORY and Iraa oarsnoutlcol cliort of U.S. lo lha following 
oddrall! 


City: 

Aviation 

Dill Contpony Chock anciciad S4.0D aneloiacf 


4BS 
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TORRINGTON Needle Rollers 


for the ultimate in load capacity at low cost 



Fln« HniiK Contributes to efficient 
anti-friction performance. N^Ie 
Rollers are usually polished to 4-6 
cms, but finises as fine as 1-3 are 
available on special order. 



Torrington Needle Rollers provide the lowest cost, highest 
capacity anti-friction bearings obtainable. They are manu- 
factured in a complete line to meet SAE and AFBMA 
specifications. Available in the inexpensive spherical end 
type or in other end shapes, they provide maximum retain- 
ment and fillet clearances or greater lip cetainment. Needle 
Roller standards for material, heat treat, tolerance and 
finish are the highest in the industry. 

Good operating results with Needle Rollers require 
careful design of mating parts furnished by the user. The 
Engineering Department of The Torrington Company, 
with broad experience in applications of Needle Rollers, 
will be glad to give you technical advice on your needs. 
THE TORRINGTON COMPANY 
Torrington, Conn. • South Bend 21, Ind. 

DUtrict offices OTuf dts(ri6iilor« in principal eitiss 
oj United Slates and Canada 



TORRINGTON BEARINGS 

Niiilli • Splierical Rtllic • Tipireil Rillir • CyllmirUal Rollir 


Balt 0 Neidli Rtilers 
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THIS FELLOW IS TRAINED UV YOUR BLSLNESS. His 
main duty ia to travel the country — and world 
— penetrating the plants, laboratories and man- 
agement councils . . . reporting back to you every 
significant innovation in technology, selling tac- 
tics, management strategy. He functions as your 
all-seeing, all-hearing, all-reporting business com- 
munications system. 


THE MAN WE MEAN IS A COMPOSITE of the editorial 
staff of this magazine. For, obviously, no one 
individual could ever accomplish such a vast 
business news job. It’s the result of many quali- 
fied men of diversified and specialized talents. 

AND, there’s another SIDE TO THIS “COMPOStTE 
MAN,” another complete news service which com- 
plements the editorial section of this magazine 
— the advertising pages. It's been said that in a 
business publication the editorial pages tell “how 
they do it” — “they” being all the industry's front 
line of innovators and improvers — and the ad- 
vertising pages tell “with what.” Each issue un- 
folds an industrial exposition before you — giving 
a ready panorama of up-to-date tools, materials, 
equipment. 


SUCH A “man” is on your PAYROLL. Be sure to 
“listen” regularly and carefully to the practical 
business information he gathers, 
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you need and more 

relays 


Leach is staying ahead of new design re- 
quirements to give you reliable, precision 
performance under the most severe flight 
conditions: 


LEACH 


RESISTANCE TO GREATER SHOCK AND VIBRA- 

TION-Leach exceeds MIL specs in ability to 
resist vibration and shock . . . 

DEPENDA6IIITY AT HIGHER TEMPERATURES- 
You get unfailing performance at tempera- 
tures as high as 120°C. ambient . . . 
SPACE-SAVING DESICN-Leach system- 
designed relays feature square cans, give you 
20S more relays in the space required by 

OUTSTANDING RSlIABIllTY-Quality control 
assures peak performance. Latest Resigns in- 
sure contaminant-free relnys because of 
Leach’s leadership in the field of contamina- 
tion research and development, 

Leach offers a family of avionic relays which 
are more than a match for the accuracy de- 
manded by today’s . . . and tomorrow's air- 
craft and missile systems. That’s why you 
find designers depending more and more on 
Leach when system reliability is vital and 
components must not foil! 


mP0flATI0N\ LEACH RELAY DIVISIOH 

\ 59IS AVALON BOULEVARD, LOS ANGELES 3, CALIFORNIA 


DISTRICr OFFICES 


REFRESENTAriVES IN FRINCIFAlc 


OF U.S.. 


CANADA 





♦ ♦♦♦♦ 1956 A.D. 


His weapon— Chance Vought's supersonic inter- 
ceptor-while infinitely more complex, it must 
be iust as reliable as his forebearer's sword. 


Sub-systems such as this Servo- 

and Moch computer do their part m 
assuring that American Militory Air- 
craft maintoin tiieir leadership in 




performonce and reti 


WESTERN DIVISidk' 
Hawthorne, California 


EASTERN PIVISION 
Westbury, L. I., New York 


MECHATROL DIVISION^ 
Westbury, L. I., New York^ 


INTS DIVISION 
lllll^^rnia 


